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ABSTRACT
The r e s u l t s  o f  o p t i c a l  s t u d i e s  on some c r y s t a l  
s u r f a c e s  -  c l e a v a g e  and e t c h e d ,  w i th  s p e c i a l  r e f e r e n c e  to  
diamonds a r e  r e p o r t e d  i n  th e  t h e s i s .  I t  i s  d i v i d e d  
i n t o  f o u r  p a r t s .
I n  t h e  p a r t  I ,  a b r i e f  h i s t o r i c a l  r ev ie w  o f  th e  
s t u d i e s  on c r y s t a l  g ro w th  i s  g i v e n  as  a g e n e r a l  i n t r o d u c t i o n ,  
The e x i s t i n g  i n f o r m a t i o n  on diamond i s  a l s o  d e s c r i b e d .
A l l  t h e  e x p e r i m e n t a l  t e c h n i q u e s  u s e d  i n  th e  c o u r s e  
of  t h i s  wo Ik a re  g iv e n  i n  p a r t  I I .  The t e c h n i q u e s  u s e d  
were  (1)  M u l t i p l e  beam i n t e r f e r o m e t r y
(2) Phase  c o n t r a s t  m ic ro s c o p y
(3)  B ig h t  p r o f i l e  m ic ro s c o p y
(4)  O p t i c a l  g o n io m e t ry
I n  p a r t  I I I  i s  g iv e n  a d e s c r i p t i o n  o f  t h e  o p t i c a l  
s t u d i e s  o f  c l e a v a g e  s u r f a c e s  o f  t o p a z ,  c a l c i t e ,  m ica  and 
diamonds ty p e  I  and type  II*; B oth  th e  s u r f a c e s  o b t a i n e d  
on c l e a v i n g  a c r y s t a l  were examined and t h e  c o u n t e r  
p a r t s  were m a tched  f o r  co m p ar iso n .  I n  t h e  ca se  o f  t o p a z ,  
c a l c i t e  and m ica  t h e  m a tc h in g  was e x a c t  w i t h i n  l i m i t s  o f  
i n t e r f e r o m e t r i c  m easu rem en ts ,  Y^?herÇa.s i n  t h e  c a se  o f  
diamonds t h e r e  were marked d i f f e r e n c e s .  The c l e a v a g e  
s u r f a c e  o f  ty p e  I  diamond i s  v e r y  rough compared to  t h a t  
o f  t y p e  I I  diamond w hich  i s  a s t r o n g  d i f f e r e n c e  i n  th e
2.
c l e a v a g e .  I n  t h e  ca se  of  one p a i r  of  ty p e  I I  diamond 
t r i a n g u l a r  d e p r e s s i o n s  were n o t i c e d .  An e x p l a n a t i o n  f o r  
t h e s e  i s  o f f e r e d .
I n  the  l a s t  p a r t  t h e  e v o l u t i o n  o f  e t c h  phenomena 
on n a t u r a l  o c t a h e d r o n  f a c e s ,  c le a v a g e  (111) f a c e ,  p o l i s h e d  
dodecahed ron  f a c e s  and p o l i s h e d  cube f a c e s ,  p roduced  by 
Immersion i n  h o t  p o t a s s iu m  n i t r a t e  i n  t e m p e r a t u r e s  r a n g in g  
from 500° t o  700°C. i s  r e p o r t e d .
I n  t h e  ca se  o f  n a t u r a l  (111) f a c e s  the  e t c h i n g  
p r o c e s s  though  a c o n t in u o u s  one ,  i s  d i v i d e d  i n t o  t h r e e  s t a g e s .  
The f i r s t  s t a g e  b e g i n s  w i th  p r e f e r e n t i a l  a t t a c k  on any 
s u r f a c e  f l a w s  and t h e n  d e v e lo p s  i n t o  random d i s t r i b u t i o n  
of s m a l l  e t c h  p i t s .  The c o n c e n t r a t i o n  o f  ' t h e s e  p i t s  i s  
l e s s  w i t h i n  growth t r i g o n s  th a n  e l s e w h e r e .  I n  th e  second  
s t a g e  r e l a t i v e l y  s m a l l  number o f  e t c h  p i t s  grow s t e a d i l y  
and devour  t h e i r  s m a l l e r  members. The c o r n e r s  become 
rounded  and f l a t  bo t tom ed  p i t s  a r e  f r e q u e n t .  I n  t h i s  s t a g e ,  
growth t r i g o n s  t e n d  to  become h exagona l  i n  o u t l i n e  and 
t h i s  mechanism i s  u n f o ld e d .  I n  t h e  t h i r d  s t a g e  the  whole 
o f  th e  o r i g i n a l  f a c e  h as  b ee n  e a t e n  away. T r i a n g u l a r  
p y ra m id a l  d e p r e s s i o n  b e g i n  to grow d e e p e r  and u l t i m a t e l y  
s t r i k i n g  b lo c k  f o r m a t i o n  r e s u l t s .  The p i l e  o f  b lo c k s  h as  
p la n e  s u r f a c e s  w h ich  a re  m a in ly  ( 2 2 1 ) ,  ( 2 1 2 ) ,  (122) and 
l e s s  p ro m in en t  ( 331 ) ,  ( 313 ) ,  ( 1 3 3 ) which t e n d  to  become (334)f.K- 
b u t  t h e n  ro u n d in g  s e t s  i n .
3.
I n  the  c a s e  o f  e t c h i n g  o f  c l e a v a g e  ( 1 1 1 ) ,  p o l i s h e d  
d o d e c a h e d ro n  and p o l i s h e d  cube f a c e s ,  th e  e t c h  p i t s  
o b s e r v e d  a r e  t r i a n g u l a r  f o r  ( 1 1 1 ) ,  b o a t - s h a p e d  f o r  (110)  
and s q u a r e  f o r  ( 1 0 0 ) .  Some o f  t h e s e  a r e  e v a l u a t e d  and 
d i s c u s s e d .  A p p ea ran ce  o f  s t r o n g l y  m arked r e c t i l i n e a r  p a t t e r n  
p r o v e s  e a ch  o f  t h e  diamond t o  have  l a m i n a t e d  s t r u c t u r e .
( I l l )  f a c e  i s  c r o s s e d  w i t h  l i n e s  p a r a l l e l  to  (111)  e d g e s ,  
t h e  ( l l o )  f a c e  i s  f i l l e d  w i t h  b e a u t i f u l l y  r e g u l a r  s e t  of  
c o n c e n t r i c  h ex a g o n s  w i th  s i d e s  p a r a l l e l  t o  (111) ed g e s  and 
t h e  cube  f a c e  r e v e a l s  an e q u a l l y  s t r i k i n g  s e t  o f  c o n c e n t r i c  
r e c t a n g l e s  f i l l i n g  m ost  o f  th e  f a c e .
The e t c h  p a t t e r n s  r e v e a l  a s e c t i o n a l  h is to i^ ^  o f  t h e  
g row th  o f  d iamond. The o b s e r v a t i o n s  can be a c c o u n te d  f o r  
\ by p o s t u l a t i n g  i n c r e a s e d  r e s i s t a n c e  to  e t c h i n g  a t  t h e  o n - s e t  
^  \ ( o r  end )  o f  ea ch  l a y e r .  The p r o p o s e d  g row th  by  s h e e t
l a y e r s  i s  i n  c o n f o r m i t y  w i t h  t h e  f a i l u r e  t o  f i n d  g row th  
s p i r a l s  on n a t u r a l  o c t a h e d r o n  diamond f a c e s .
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CHAPTER 1 
INTRODUCTION
I n f o r m a t i o n  c o n c e r n i n g  th e  g ro w th  m echan ism ,  
s t r u c t u r e  and  c o n d i t i o n s  o f  g ro w th  o f  c r y s t a l s  can  be  
o b t a i n e d  b y  s t u d y i n g  t h e  c r y s t a l  s u r f a c e s .  T h i s  
i n f o r m a t i o n  h a s  i n  r e c e n t  y e a r s  g a i n e d  i n  im p o r t a n c e . '
The o p t i c a l  s t u d y  o f  c r y s t a l  s u r f a c e s  u s i n g  th e  p o w e r f u l  
t e c h n i q u e  o f  m u l t i p l e  beam i n t e r f e r o m e t r y  i s  b e i n g  c a r r i e d  
o u t  e x t e n s i v e l y  b y  P r o f .  T o la n s k y  and  h i s  s c h o o l  a l o n g  w i t h  
o t h e r  t o p o g r a p h i c a l  s t u d i e s . !  Diamond i s  one o f  t h e  
c r y s t a l s  whose s u r f a c e  f e a t u r e s ,  g ro w th  h i s t o r y  and 
p r o p e r t i e s  a r e  b e i n g  s t u d i e d  i n  t h i s  l a b o r a t o r y  and th e  
p r e s e n t  work t a k e s  i t s  p l a c e  i n  t h i s  s e r i e s . }
The p u r p o s e  o f  t h e  w ork  t o  be  d e s c r i b e d  i n  t h i s
i
t h e s i s  was t o  s t u d y  t h e  s u r f a c e s  o f  d iamond w i t h  r e s p e c t  
t o  c l e a v a g e  m echan ism  a s  com pared  w i t h  o t h e r  c r y s t a l s  su ch  
a s  t o p a z ,  c a l c i t e ,  m ic a ,  e t c . .  The s t u d y  o f  c l e a v a g e  i s  
d e s c r i b e d  i n  P a r t  I I I  o f  t h i s  t h e s i s T h e  o t h e r  s t u d y  
o f  d i f f e r e n t  t y p e s  o f  d iam onds  when e t c h e d  u n d e r  c o n t r o l l e d  
c o n d i t i o n s  i s  d e s c r i b e d  i n  P a r t  IV.:
A b r i e f  r e v i e w  o f  t h e  p r e v i o u s  work  i n  t h e  s t u d y  o f  
g ro w th  m echan ism  and  s u r f a c e  f e a t u r e s  o f  c r y s t a l s  t o g e t h e r  
w i t h  t h e  e x i s t i n g  i n f o r m a t i o n  a b o u t  d iamond w i l l  now be 
g i v e n .
I t  was r e a l i s e d  by  e a r l i e r  w o r k e r s  t h a t  c r y s t a l  
s u r f a c e s  o n l y  a p p r o x i m a t e l y  obey  t h e  law  o f  s im p le  
r a t i o n a l  i n d i c e s  by  u s i n g  t h e  r e f l e c t i o n  g o n i o m e t e r .
P f a f f  ( 1 8 7 8 ) and  l a t e r  B ra u n s  (1887 )  showed t h a t  many h a b i t  
f a c e s  make a v e r y  s m a l l  v a r i a b l e  a n g l e  w i t h  t h e  low i n d e x  
p l a n e s . '  T hese  a r e  known a s  v i c i n a l  f a c e s .
S i r  H enry  M i e r s  ( I 9 0 3 , 1904) c o n s t r u c t e d  a s p e c i a l  
g o n i o m e t e r  w i t h  w h ich  he c o u l d  m e a s u re  t h e  i n t e r f a c i a l  
a n g l e s  w h i l e  t h e  c r y s t a l  was g ro w in g  i n  s o l u t i o n .  The m a in  
c o n c l u s i o n  f ro m  h i s  work was t h a t  v i c i n a l  f a c e s  c o r r e s ­
p o n d in g  t o  any  s i n g l e  h a b i t  f a c e  a r e  f r e q u e n t l y  p r o d u c e d  
a s  g ro w th  p y ra m id s . i  He b e l i e v e d  t h a t  v i c i n a l  f a c e s  a r e  
p r o d u c e d  by  t h e  l a y i n g  down o f  m o l e c u l a r  p l a n e s  o f  s o l u t e  
p a r a l l e l  t o  t h e  h i g h  i n d e x  p l a n e s  o f  t h e  l a t t i c e .
I n  a  p o s th u m o u s  p u b l i c a t i o n  by  R .M a r c e l i n  ( I 9 I 8 ) 
t h e  f i r s t  i n d i c a t i o n  o f  g ro w th  b y  l a y e r  d e p o s i t i o n  was 
g i v e n .  He o b s e r v e d  t h e  g ro w th  o f  t h i n  p l a t e s  o f  
p - t o l u i d i n e  f ro m  a l c o h o l i c  s o l u t i o n . ,  The p l a t e s  b e i n g  v e r y  
t h i n ,  t h e  i n c r e a s e  i n  t h i c k n e s s  c o u l d  be o b s e r v e d  f ro m  t h e  
i n t e r f e r e n c e  c o l o u r s  i n  r e f l e c t i o n  s i m u l t a n e o u s l y  w i t h  t h e  
g ro w th  i n  e x t e n s i o n . )  He c o n c l u d e d  t h a t  c r y s t a l s  grow by 
d e p o s i t i o n  and  s p r e a d i n g  o f  s u c c e s s i v e  l a y e r s  whose 
t h i c k n e s s e s  a p p r o a c h e d  m o l e c u l a r  d im en s io n s .^
3.
K o w arsk i  ( 1 9 3 5 ) e x t e n d e d  t h e s e  e x p e r i m e n t s  t o  g ro w th  
f rom  v a p o u r .  I n  t h i s  c a s e  i t  was fo u n d  t h a t  l a y e r s  w ere  
u s u a l l y  i n i t i a t e d  a t  t h e  e d g e s  o f  th e  f a c e  and p a r t i c u l a r l y  
a t  t h e  p o i n t  w here  t h e  edge t o u c h e d  a n e i g h b o u r i n g  c r y s t a l .  
The t h i n  l a y e r s  moved f a s t e r  t h a n  t h i c k e r  o n e s .
A .M a r c e l i n  and  B o u d in  (1930)  o b s e r v e d  l a y e r  f o r m a t i o n  
o f  n a p t h a l e n e  and  s e v e r a l  o t h e r  o r g a n i c  c r y s t a l s .  T o la n s k y  
and W i lc o c k  (1 9 4 6 )  a l s o  e x p l a i n e d  th e  t r i a n g u l a r  d e p r e s s i o n  
on diamond by  c o n s i d e r i n g  g ro w th  by  l a y e r  d e p o s i t i o n .
Bunn and  E n m e t t (1949)  d e s c r i b e  an  e x t e n s i v e  s u r v e y  o f  
g ro w th  o f  v a r i o u s  c r y s t a l s  by  l a y e r  d e p o s i t i o n  and t h e i r  
m a in  c o n c l u s i o n s  a r e :
(1 )  L a y e r s  v e r y  o f t e n  s t a r t  n o t  f ro m  e d g e s  o r  
c o r n e r s  b u t  f ro m  c e n t r e s  o f  t h e  f a c e s ,  s p r e a d i n g  o u t w a r d s .
(2 )  The t h i c k n e s s  o f  t h e  l a y e r s  i n  many c a s e s  
i n c r e a s e s  a s  t h e y  a p p r o a c h  t h e  e d g e s  o f  t h e  c r y s t a l  f a c e s .
(3 )  The e d g e s  o f  l a y e r s  a r e  o f t e n  i r r e g u l a r  i f  t h e  
g ro w th  i s  r a p i d  b u t  te n d ; '  t o  be more r e g u l a r  and t h e  sh ap e  
c o n fo rm in g  t o  t h e  c r y s t a l  symmetry a s  t h e  g row th  r a t e  
d e c r e a s e s .
( 4 )  D i s s o l v e d  i m p u r i t i e s  may s t r o n g l y  a f f e c t  th e  
t h i c k n e s s  and s h a p e  o f  l a y e r s .
(5 )  T h ic k  l a y e r s  a r e  s e e n  o n l y  on c r y s t a l s  o f  i o n i c  
o r  p o l a r  s u b s t a n c e s . ,
4.
I n  t h e  g ro w th  o f  a p e r f e c t  c r y s t a l  f rom  v a p o u r  
t h i s  c o n c e p t  o f  s u c c e s s i v e  d e p o s i t i o n  o f  l a y e r s  d u r i n g  
g ro w th  i s  a p p l i c a b l e . .  The m a in  p r i n c i p l e s  u n d e r l y i n g  
t h i s  t h e o r y  w ere  f i r s t  g i v e n  by  G ibbs  (18 7 8 )  and l a t e r  
d e v e l o p e d  by  Volmer  (1 9 3 1 0 /  K a isch ew  and 8 t r a n s k i  ( 1 9 3 5 ) ,  
B e c k e r  and B o r in g  (1935)  and  F r e n k e l  ( 1 9 4 5 ) .  No 
m a t h e m a t i c a l  d e t a i l s  a b o u t  t h e s e  t h e o r i e s  a r e  g i v e n  i n  
t h i s  t h e s i s .
A c c o r d in g  t o  t h i s  t h e o r y  when a l l  s u r f a c e s  o f  h i g h  
i n d e x  ( s t e p p e d  s u r f a c e s )  h av e  d i s a p p e a r e d ,  t h e  c r y s t a l  
w i l l  c o n t i n u e  to  grow by  two d i m e n s i o n a l  n u c l é a t i o n  o f  
new m o l e c u l a r  l a y e r s  on t h e  s u r f a c e s  o f  low i n d e x .  Thus 
i t  a ssum es  t h e  s p r e a d i n g  o f  m o l e c u l a r  l a y e r s  d u r i n g  g ro w th  
o f  a p e r f e c t  c r y s t a l  f ro m  v a p o u r  a t  a low s u p e r s a t u r a t i o n .  
The t h e o r y  e x p l a i n s  why r e g u l a r  fo rm s  i n  t h e  p l a n e  h a b i t  
f a c e s  a r e  assum ed  by  th e  c r y s t a l  when g r o w t h  t a k e s  p l a c e  
u n d e r  n o n - u n i f o r m  c o n d i t i o n s . ;  F o r  a l o n g  t im e  t h e  two 
d i m e n s i o n a l  n u c l é a t i o n  t h e o r y  was b e l i e v e d  to  be 
s a t i s f a c t o r y  i n  e x p l a i n i n g  t h e  g ro w th  o f  r e a l  c r y s t a l s . > 
B u t  o b s e r v a t i o n s  h av e  shown t h a t  g r o w t h  f r o n t s  a r e  s lo w e r  
t h a n  p r e d i c t e d  by  t h e o r y . .  The i n t e r p r e t a t i o n  o f  v i c i n a l  
f a c e s  a s  a s u c c e s s i o n  o f  u n i f o r m l y  s p a c e d  g ro w th  e d g e s  
i s  a l s o  n o t  i n  t u n e  a c c o r d i n g  t o  t h e  n u c l é a t i o n  t h e o r y . .
M o reo v e r  th e  i n i t i a t i o n  o f  l a y e r s  i n  i o n i c  c r y s t a l s  
a l m o s t  i n v a r i a b l y  t o o k  p l a c e  a t  th e  c e n t r e  o f  t h e  f a c e s  
a s  m e n t i o n e d  b e f o r e .  T h is  c o u l d  n o t  be e x p l a i n e d  on th e  
b a s i s  o f  n o n - u n i f o r m  s u p e r s a t u r a t i o n  o v e r  th e  f a c e .
Volmer and S c h u l t z e  (1 9 3 1 )  showed t h a t  i o d i n e  
c r y s t a l s  grow a t  s u p e r s a t u r a t i o n  a s  lov; a s  ifo w h ic h  can 
n o t  be  e x p l a i n e d  on t h e  n u c l é a t i o n  t h e o r y ,  i n d e e d  t h e  
c a l c u l a t e d  r a t e  o f  n u c l é a t i o n  was s m a l l e r  by  an enormous 
f a c t o r  o f  ^  com pared  to  t h e  o b s e r v e d  r a t e .  T h i s
c o u ld  n o t  be e x p l a i n e d  a s  s u c h .  B u r t o n ,  C a b r e r a  and 
F ra n k  (1949)  I n c o r p o r a t e d  t h e  c o n c e p t  o f  F r e n k e l  (1945)  
t h a t  t h e  b o u n d a r y  o f  n u c l e u s  i s  n o t  e x a c t l y  r e c t i l i n e a r  
a t  f i n i t e  t e m p e r a t u r e s  owing t o  th e  p r e s e n c e  o f  F r e n k e l  
k i n k s  and  c o n s i d e r e d  th e  e f f e c t  o f  d i f f u s , ^ i o n  o f  a d s o r b e d  
m o l e c u l e s  t o g e t h e r  w i t h  ch a n g e  i n  sh a p e  o f  n u c l e u s  i n  
v a r i o u s  s t a g e s  o f  g r o w th .  They fo u n d  th e  f o r m u l a  g i v e n  
by  B e c k e r  and B o r in g  t o  be c o r r e c t ,  b u t ,  t h e  d i s c r e p a n c y  
b e t w e e n  t h e o r y  and e x p e r i m e n t a l  r e s u l t s  was s t i l l  
en o rm o u s . 1 They s u g g e s t e d  th e  e x p l a n a t i o n  o f  t h e  
d i s c r e p a n c y  on t h e  c o n s i d e r a t i o n  o f  a p a r t i c u l a r  t y p e  o f  
l a t t i c e  i m p e r f e c t i o n  c a l l e d  a sc rew  d i s l o c a t i o n  o u t  o f  
s i x  d i f f e r e n t  k i n d s  o f  i m p e r f e c t i o n s  m e n t i o n e d  i n  t h e  
book  ^ ^ Im p e r fe c t io n s  i n  n e a r l y  p e r f e c t  c r y s t a l s ” e d i t e d  
by  S h o c k le y  and o t h e r s  ( 1 9 5 0 ) .  An a c c o u n t  o f  t h i s  i s  
g i v e n  by  Verma (1953)  1^  ^ h i s  b o o k ,  " C r y s t a l s  g ro w th
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and d i s l o c a t i o n . ” R ead’ ( 1 9 5 3 ) ,  C o t t r e l l  ( 1 9 5 3 ) ,  h ave  
e x p l a i n e d  t h e s e  d i s l o c a t i o n s  i n  t h e i r  b o o k s  i n  d e t a i l .  
B u r t o n ,  C a b r e r a  and F ra n k  p o i n t e d  o u t  t h a t  th e  two 
d i m e n s i o n a l  t h e o r y  c o u ld  e x p l a i n  t h e  g ro w th  o f  p e r f e c t  
c r y s t a l s  o n l y ,  b u t  t h e r e  i s  a s t r o n g  e v i d e n c e  to  show t h e  
e x i s t e n c e  o f  i m p e r f e c t i o n s  i n  l a t t i c e  s t r u c t u r e  o f  r e a l  
c r y s t a l s .  The i n t e n s i t i e s  o f  X - r a y  r e f l e c t i o n s  i n d i c a t e  
m o s a i c  s t r u c t u r e  and  s t r e n g t h  o f  r e a l  c r y s t a l s  i s  o n l y  
a s m a l l  f r a c t i o n  o f  s t r e n g t h  e x p e c t e d  by  t h e o r y . ,  I t  was 
shown t h a t  t h e  p r e s e n c e  o f  a sc rew  d i s l o c a t i o n  i n  the. 
l a t t i c e  w o u ld  e n a b le  a c r y s t a l  t o  grow a t  a much lo w e r  
s u p e r  s a t u r a t i o n  th a n  was p e r m i t t e d  by  t h e  two d i m e n s i o n a l  
n u c l é a t i o n  t h e o i y .  A s c re w  d i s l o c a t i o n  c r e a t e s  a m o l e c u l a r  
l e d g e  r u n n i n g  f ro m  t h e  edge o f  th e  f a c e  to  th e  p o i n t  o f  
em ergence  and g ro w th  ca n  t a k e  p l a c e  by  d e p o s i t i o n  o f  
m o l e c u l e s  a l o n g  t h i s  l e d g e  c o n t i n u o u s l y .  The r e s u l t i n g  
g e o m e t r i c a l  sh a p e  o f  t h i s  g row ing  l e d g e  w o u ld  i n  g e n e r a l  
be a s p i r a l .  E x p e r i m e n t a l  e v i d e n c e  i n  s u p p o r t  o f  t h i s  
h a s  b e e n  fo u n d  b y  G r i f f i n  ( 1 9 5 0 ) ,  Verma ( 1 9 5 1 ) ,  AmÊline^  
(19519  ; Dawson and Vand ( I 95 I )  and  o t h e r s . .  T h i s  t h e o r y  
e x p l a i n s  t h e  o c c u r r e n c e  o f  v i c i n a l  f a c e s .  They a r e  t h e  
s i d e s  o f  t h e  s p i r a l  i n  a p o l y g o n a l  fo rm .  B u c k le y  ( 1 9 5 2 ) ,  
( 1 9 5 3 ) a c c e p t s  t h i s  a s  a p o s s i b l e  mode o f  g row th  b u t  
s u g g e s t s  t h a t  s p i r a l  f o r m a t i o n  i s  n o t  a lw a y s  c a s u a l  to
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g ro w th  b u t  a l a t e  i n c i d e n t  i n  g row th  due  t o  v o r t i c e s  
o r  e d d i e s  v\?hich would  i m p r e s s  on u p p e r m o s t  s u r f a c e .
A l l  a t t e m p t s  t o  f i n d  a g ro w th  s p i r a l  on a diamond 
b y  s e v e r a l  w o r k e r s  who ex am in ed  h u n d r e d s  o f  d iam onds  i n  
t h i s  l a b o r a t o r y  h a v e  f a i l e d  so f a r . .  I t  was t h e r e f o r e  
t h o u g h t  t h a t  a s t u d y  o f  c l e a v a g e  f a c e s  and e t c h e d  f a c e s  
o f  d iam ond w ould  be a b l e  t o  th ro w  some l i g h t  on  th e  
g ro w th  m echan ism .
I t  w i l l  now be i n t e r e s t i n g  to  b r i e f l y  r e v i e w  t h e  
e x i s t i n g  i n f o r m a t i o n  on  d iam ond .  Diamond c r y s t a l l i s e s  
i n  t h e  c u b i c  s y s t e m .  N o th in g  d e f i n i t e  i s  kno\m a b o u t  
i t s  c o n d i t i o n s  o f  g ro w th  and t h e  c o n t r o v e r s y  a b o u t  when 
and how i t  grew i s  y e t  t o  be  s e t t l e d .  The c r y s t a l  c l a s s  
to  w h ich  i t  b e l o n g s  h a s  a l s o  b e e n  a m a t t e r  o f  q u e s t i o n ,  
th o u g h  X - r a y  r e s u l t s  r e v e a l  i t s  h o l o h e d r a l  s t r u c t u r e . -  
The m o s t  common fo im  w hich  am ounts  t o  1 / 3  o f  t h e  t o t a l  
number  o f  s t o n e s  r e c o v e r e d  i s  o c t a h e d r o n  and l e s s  
f r e q u e n t l y  rh o m b ic - d o  d e c a h e d r o n  and cube a r e  a l s o  found.]  
Q u i t e  a few c r y s t a l s  a r e  f o u n d  w h ich  a r e  t e t r a h e d r o n  and 
t h e s e  l e d  to  t h e  i d e a  o f  t e t r a h e d r a l  symmetry a s  i n  
c l a s s  3 1 . i The o c t a h e d r a l  c r y s t a l s  w ere  r e g a r d e d  a s  two
i n t e r p e n e t r a t i n g  t e t r a h e d r a  tw in n e d  a b o u t  a cube  f a c e .
An i n t e r e s t i n g  a c c o u n t  on c r y s t a l l i s a t i o n  o f  diamond 
g i v e n  a s  e a r l y  a s  I 876 by  Rose and S ed b eck  d i s c u s s e s  
t h i s  top ic* !  The o t h e r  v iew  was t h a t  d iamond s h o u l d  be
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be  a s s i g n e d  to  c l a s s  32.  T h i s  was s u p p o r t e d  by  th e  
a b s e n c e  o f  p y r o - e l e c t r i c  an d  p i e z o - e l e c t r i c  e f f e c t s  on 
diam ond.
The e x p l a n a t i o n  f o r  th e  e x i s t e n c e  o f  t e t r a h e d r a  
i s  b e i n g  g i v e n  a s  o c t a h e d r a  d i s t o r t e d  b y  s u p p r e s s e d  
a l t e r n a t e  f o r c e s ,  Raman and Ramseshan (1946)  h av e  come 
to  t h e  c o n c l u s i o n ,  a f t e r  e x a m in in g  a l a r g e  number o f  
c r y s t a l s ,  t h a t  i n  t h e  m a j o r i t y  o f  d iam onds  t h e  c r y s t a l  
symmetry i s  t h a t  o f  t e t r a h e d r a l  c l a s s  and t h a t  t h e  
p o s i t i v e  and  n e g a t i v e  t e t r a h e d r a l  fo rm s  f r e e l y  i n t e r ­
p e n e t r a t e  e a c h  o t h e r  w h ic h  e x p l a i n s  t h e  f r e q u e n t  a p p e a r ­
an c e  o f  fo rm s  common to  t e t r a h e d r a l  and o c t a h e d r a l  
symmetry c l a s s e s . »  Diamond may p o s s e s s  a t r u e  o c t a h e d r a l  
symmetry and i s  a l s o  c o n s i s t e n t  a c c o r d i n g  to  them ,
R o b e r t s o n ,  Fox and  M a r t i n  (1934)  showed t h a t  a 
g r e a t  m a j o r i t y  o f  d iam onds e x h i b i t e d  o p t i c a l  b i r e f r i n g e n c e  
and a l s o  i n f r a - r e d  a c t i v i t y  i n  t h e  r e g i o n  o f  8 /^  o f  th e  
s p e c t r u m  and  w ere  opaque  t o  u l t r a - v i o l e t  below 3000 A.
T h i s  t h e y  c a l l e d  t y p e  I ,  A s m a l l  m i n o r i t y  o f  d iam onds  
w ere  i n a c t i v e  i n  t h e  i n f r a - r e d  a b s o r p t i o n  i n  th e  8 
r e g i o n  and  e x h i b i t e d  l a m e l l a r  s t r u c t u r e .  They w ere  
t r a n s p a r e n t  t o  u l t r a - v i o l e t  dovm t o  2250 A. T hese  w ere  
d e s i g n a t e d  a s  t y p e  I I . '
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Raman and Jay  Raman (1 9 4 9 )  h av e  shown t h a t  
d iam onds  show i n f r a - r e d  a c t i v i t y  b u t  do n o t  show any
v i s i b l e  b i r e f r i n g e n c e  and  t h o s e  t h a t  show b i r e f r i n g e n c e  
a l s o  e x h i b i t  l a m e l l a r  s t r u c t u r e .  The i n f r a - r e d  a c t i v i t y  
i s  v a r i a b l e  and  th e  u l t r a - v i o l e t  t r a n s p a r e n c y  a l s o  v a r i e s  
i n  a c o n t i n u o u s  m a n n e r ,  so t h a t  c l a s s i f i c a t i o n  i s  
e r r o n e o u s  and t h e  t r u t h  i s  t h a t  a g r e a t  m a j o r i t y  o f  
d iam onds  h av e  a s t r u c t u r e  w h ich  i s  n o t  so s i m p l e ,
C u s t e r s  (1954)  h a s  f u r t h e r  s u b d i v i d e d  t h e  ty p e  I I  
d iam ond i n t o  t y p e  1 1 ( a )  and  ty p e  1 1 ( b ) ,  The ty p e  1 1 (b )  
i s  b l u e  i n  c o l o u r  and h a s  good e l e c t r i c a l  c o n d u c t i v i t y .
I t  i s  a l s o  p h o s p h o r e s c e n t  i n  t h e  u l t r a - v i o l e t .  I n  t h e  
p r e s e n t  work th e  u s u a l  n o m e n c l a t u r e  o f  t y p e  I  and t y p e  I I  
m e an in g  t h o s e  opaque  to  u l t r a - v i o l e t  and t r a n s p a r e n t  to  
u l t r a - v i o l e t  r e s p e c t i v e l y ,  w i l l  be  u n d e r s t o o d  to  a v o i d  
any  c o n f u s i o n , ;
T h i s  u n c e r t a i n t y  h a s  l e d  t o  an e x t e n s i v e  s t u d y  
by  s e v e r a l  w o r k e r s  on th e  c r y s t a l l i n e  form o f  d iam ond,  
t h e  c u r v a t u r e  o f  f a c e s  and e d g e s  and th e  s u r f a c e  f e a t u r e s  
o v e r  p a r t i c u l a r  f a c e s .  The c h a r a c t e r i s t i c  t r i a n g u l a r  
d e p r e s s i o n s  on  t h e  ( 1 1 1 ) f a c e  w ere  c a l l e d  ‘ t r i g o n s *  by  
S u t t o n  ( 1 9 2 8 ) ,1 The t r i g o n s  a r e  a lw a y s  so o r i e n t e d  t h a t  
t h e i r  c o m e r s  p o i n t  t o  t h e  o c t a h e d r o n  e d g e s .  The e t c h  
f i g u r e s  on  o c t a h e d r o n  f a c e s  o f  o t h e r  c r y s t a l s  su ch  as
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alum  and  c u p r i t e  r e s e m b l e  t h e s e  f i g u r e s  and so t h e y  w ere  
assum ed t o  be e t c h  p i t s  by  e a r l i e r  c r y s t a l l o g r a p h e r s  
( M i e r s  1 9 0 1 ) .
Fersm ann  and G o ld s c h m id t  ( I 9 I I )  s u g g e s t e d  th e  
r o u n d i n g  o f  f a c e s  and e d g e s  to  p a r t i a l  d i s s o l u t i o n  i n  
a c c o r d a n c e  w i t h  t h e  u s u a l  k n o w led g e  t h a t  a l l  c r y s t a l s  g e t  
r o u n d e d  a f t e r  some d i s s o l u t i o n .  T h e i r  i d e a s  a r e  d e v e l o p e d  
by  S h a f r a n o v s k y  ( 1 9 4 0 ) .  The s o l u t i o n  h y p o t h e s i s  i s  
o p p o s e d  by  o t h e r  w o rk e r s  and th e y  a t t r i b u t e  th e  c u r v a t u r e  
and s u r f a c e  f e a t u r e s  to  p e c u l i a r  c o n d i t i o n s  o f  g r o w t h .
Van d e r  Veen ( I 9 1 3 ) c o n c lu d e d  t h a t  g ro w th  t a k e s  p l a c e  
by  l a y e r s  on  t h e  o c t a h e d r o n  f a c e  and gave  a p o s s i b l e  
e x p l a n a t i o n  f o r  th e  f o r m a t i o n  o f  t r i g o n s .  W i l l i a m s  
( 1 9 3 2 ) h a s  a l s o  shown t h a t  diamond grows by  l a y e r  
d e p o s i t i o n  on  o c t a h e d r o n  f a c e s  and  th e  c u r v a t u r e  i s  due 
to  s t e a d y  d i m i n u t i o n  i n  s i z e  o f  p l a t e s  away f rom  t h e  edge  
o f  t h e  c r y s t a l s . The g r o o v e s  a r e  fo rm e d  on  e d g e s  i f  t h e  
p l a t e s  on t h e  e i g h t  f a c e s  do n o t  m e e t .  S u t t o n  ( I 9 2 8 ) 
a l s o  s h a r e d  t h e s e  v i e w s ,  b u t  s t r e s s e d  t h e  p o i n t  t h a t  
e x t e r n a l  fo rm s  a r e  s h a p e d  b y  s u r r o u n d i n g  m e d ia  and f o r c e s  
a c t i n g  on them when i n  p l a s t i c  s t a t e  a s  s u g g e s t e d  by  
F r i e d e l  ( 1 9 2 4 ) ,  ( I 9 3 2 ) . From t h e  s t u d y  o f  b i r e f r i n g e n c e  
o f  200 d iam onds  F r i e d e l  c o n c l u d e d  t h a t  d iamond o r i g i n a l l y
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c u b i c  and i s o t r o p i c  on s e t t i n g  f ro m  a p l a s t i c  s t a t e  
a c q u i r e d  a p e r m a n e n t  d e f o r m a t i o n  i n d u c i n g  a s m a l l  
b i r e f r i n g e n c e .
Raman (1942)  s u g g e s t e d  t h a t  d iam ond i s  fo rm ed  
f ro m  c a rb o n  l i q u e f i e d  u n d e r  p r e s s u r e  w h ich  r e t a i n s  th e  
s h a p e  o f  l i q u i d  d r o p s  w i t h  o n l y  m in o r  m o d i f i c a t i o n  d u r i n g  
s o l i d i f i c a t i o n .  Ram aseshan  (1946 )  on  t h e  b a s i s  o f  t h i s  
t h e o r y  and u s i n g  c a l c u l a t i o n s  o f  s u r f a c e  e n e r g i e s  e x p l a i n s  
v a r i o u s  c h a r a c t e r i s t i c  f e a t u r e s  o f  diamond and  p r e f e r e n c e  
f o r  c e r t a i n  f o r m s ,  t h e  i n f l u e n c e  o f  t h e  s i z e  o f  d iamond 
on i t s  sh a p e  and v a r y i n g  c u r v a t u r e  i n  t h e  d i f f e r e n t  
z o n e s  o f  t h e  c r y s t a l .
Champion (1953)  f ro m  r e s u l t s  on  c o n d u c t i o n  p u l s e s  
o f  d iamond i r r a d i a t e d  by  cC and p> p a r t i c l e s  s u g g e s t s  t h a t  
t h e  t e x t u r e  o f  d iamond w h ic h  show good e l e c t r i c a l  
c o n d u c t i o n  p u l s e  p r o p e r t i e s  a r e  composed by  l a y e r s  o f  
h i g h l y  c r y s t a l l i n e  m a t e r i a l  s e p a r a t e d  by  r e l a t i v e l y  few 
and much t h i n n e r  p a r t i a l  b a r r i e r s  o f  i m p e r f e c t  m a t e r i a l . .
The s t r u c t u r e  o f  d iamond a s  d e t e r m i n e d  by  X - r a y s  
(B rag g /L 9 1 3 )  c o n s i s t s  o f  two i n t e r p e n e t r a t i n g  f a c e  
c e n t r e d  c u b i c  l a t t i c e s  w h ich  a r e  d i s p l a c e d  w i t h  r e s p e c t  
t o  one  a n o t h e r  a l o n g  a t r i g o n a l  a x i s  by  one  f o u r t h  t h e  
cubB d i g o n a l .  The l e n g t h  o f  C-G bond  i s  1 . 5 4  A. and th e  
edge  o f  t h e  cube l a t t i c e  i s  3 .5 6  A. i n  l e n g t h .
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F i g u r e  (1)  shoves such, a c e l l ,  t h e  p l a n e s  shown by 
A A A  a r e  (1 1 1 )  p l a n e s .  F i g u r e  (2 )  shows t h e  s t r u c t u r e  
o f  d iam ond w i t h  (111 )  p l a n e s  h o r i z o n t a l .  The s i n g l e  
v e r t i c a l  b o n d s  a r e  b r o k e n  to  g e t  t h e  (1 1 1 )  p l a n e s .
Diai'ûond h a s  a p e r f e c t  c l e a v a g e  a lo n g  t h i s  p l a n e .
A c c o r d in g  to  t h i s  s t r u c t u r e  H i n n e c a l c u l a t e d  t h e  number 
o f  c a r b o n  a tom s i n  one CC.Cl o f  d iamond t o  be 1 . 8  x  10^3 
v;hich when com pared  w i t h  1 . 3  x  10^ a t  55od* C i n  c a r b o n  
v a p o u r  shows a t r e m e n d o u s  c o h e s i v e  f o r c e  b e tw e e n  th e  
a to m s .  The e n e rg y  n e c e s s a r y  to  b r e a k  t h e  G-C bond  i s  
c a l c u l a t e d  by  H a r k i n s (1 9 4 2 )  f ro m  th e rm o c h e m ic a l  
c o n s i d e r a t i o n ,  t o  be  6 . 2 2  x  10“^  ^ e r g s .
E t c h i n g  o f  d iamond i n  oxygen  n e a r  90(f G i s  known 
b u t  i t  i s  fo u n d  to  be  a f f e c t e d  a t  l o w e r  t e m p e r a t u r e s  up 
to  50(7 G b y  Omar (1953)  and e x p e r i m e n t s  on e t c h i n g  a t  
d i f f e r e n t  t e m p e r a t u r e s  a r e  d e s c r i b e d  i n  th e  P a r t  IV o f  
t h i s  t h e s i s .
U s in g  t h e  p o w e r f u l  t e c h n i q u e  o f  m u l t i p l e  beam 
i n t e r f  e r o m e t r y  T o la n s k y  and  Y /i lcock  (1946)  h av e  c o n f i r m e d  
t h a t  t h e  t r i a n g u l a r  d e p r e s s i o n s  i n  a  d iamond s u r f a c e  
a r e  n o t  due to  s o l u t i o n  b u t  due to  g r o w th .  F u r t h e r  
i n t e r f e r o m e t r i c  work on d iam ond s u r f a c e s  was done by  
M r s .W i lk s  ( 1 9 5 2 ) ,  M.Omar (1953)  and  H a l p e r i n  ( 1 9 5 4 ) .
H a l p e r i n  (1954)  h a s  p u t  f o r w a r d  an e x p l a n a t i o n  f o r
f o r m a t i o n  o f  t r i g o n s  on  t h e  c o n s i d e r a t i o n  o f  an  i m p e r f e c t
X 100 X 4 0 0
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d i s l o c a t i o n  a t  t h e  b a s e  o f  a t r i g o n  w h e re  t h e  g r o w t h  
l a y e r s  a r e  s t o p p e d  an d  t h e  l a y e r s  t u r n  r o u n d  a t  t h e  
ed g e  t o  e n t r a p  a t r i a n g l e ,
Omar ( 1 9 5 3 )  e s t i m a t e d  t h e  t e m p e r a t u r e  a t  w h ic h  
d iam o n d  m u s t  h a v e  g ro w n .  He m e a s u r e d  t h e  r a d i u s  o f  
c u r v a t u r e  f o f  a g r o w t h  s h e e t  on  t h e  n a t u r a l  ( 1 1 1 )  
f a c e  an d  t h e  n o r m a l  d i s t a n c e  o f  t h e  g ro w t h  f r o n t  
f r o m  t h e  c e n t r e  o f  i n i t i a t i o n ,  d e t e r m i n e d  b y  e s t i m a t e .  
A p p l y i n g  a s i m p l e  f o r m u l a
X .
/>
( w h e r e  f  i s  t h e  m o l e c u l a r  b i n d i n g  e n e r g y ,  K ,B o l t z m a n » s  
c o n s t a n t  a n d  T t h e  a b s o l u t e  t e m p e r a t u r e )  d e r i v e d  f ro m  
t h e  e q u a t i o n  f o r  c o n c e n t r a t i o n  o f  k in lc s  g i v e n  b y  B u r t o n ,  
C a b r e r a  and  F r a n k  ( 1 9 5 1 ) ,  he  g o t  t h e  v a l u e  9600 KbsoluVe 
a s  t h e  t e m p e r a t u r e  f o r  t h e  grov7th o f  d iamond,!  The a u t h o r  
t r i e d  t o  v e r i f y  t h i s  m e th o d  b y  t a k i n g  p a i r s  o f  d ia m o n d s  
f ro m  d i f f e r e n t  m in e s  and  m e a s u r i n g  t h e  c u r v a t u r e s , ;  B o th  
t h e  m e a s u r e m e n t s  o f  t h e  c u r v a t u r e s  o f  g rovf th  f r o n t s  and  
t h e i r  n o r m a l  d i s t a n c e s  f ro m  t h e  i n i t i a t i n g  c e n t r e s  a r e  
so  u n c e r t a i n  a n d  i n a c c u r a t e  t h a t  o n e  g e t s  i n t o  a b s u r d  
r e s u l t s  f o r  t h e  v a l u e  o f  T  . A c c o r d i n g ^ t o  t h e  a u t h o r  
t h i s  d o e s  n o t  g i v e  any  r e l i a b l e  i n f o r m a t i o n  a b o u t  t h e  
t e m p e r a t u r e  o f  t h e  f o r m a t i o n  o f  d ia m o n d .
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As m e n t i o n e d  b e f o r e  a n a t u r a l  o c t a h e d r o n  f a c e  
o f  a d iam ond  i s  f u l l  o f  t r i g o n s  -  t r i a n g u l a r  p i t s  
o r i e n t e d  w i t h  t h e i r  c o r n e r s  p o i n t e d  t o w a r d s  t h e  e d g e s  
o f  t h e  o c t a h e d r o n  f a c e .  T h e s e  a r e  due to  g ro w t h  and  
a t y p i c a l  p i c t u r e  o f  a p a r t  o f  a n a t u r a l  o c t a h e d r o n  
f a c e  o f  one o f  t h e  d ia m o n d s  s t u d i e d  b y  t h e  a u t h o r  i s  
g i v e n  i n  f i g u r e  ( 3 ) .  D iam onds w i t h  n a t u r a l  cu b e  f a c e s  
a r e  r a r e .  A p a r t  o f  t h e  f a c e  o f  a n a t u r a l  cube  i s  shown 
i n  f i g u r e  ( 4 ) .  The s u r f a c e  i s  f u l l  o f  s q u a r e  p i t s  
o r i e n t e d  w i t h  t h e i r  s i d e s  i n c l i n e d  a t  45^ t o  t h e  e d g e s  
o f  t h e  cube  f a c e  w h ic h  a r e  a l s o  due t o  g r o w t h .
p a r t  I I
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CHAPTER 2 
I .m iT IP lE  B'EMIL INTERFERENCE
F o r  q u a n t i t a t i v e  m e a s u r e m e n t s  i n  t o p o g r a p h i c a l  
s t u d i e s  t h e  e s t a b l i s h e d  t e c h n i q u e  o f  m u l t i p l e  beam 
i n t e r f e r o m e t r y  d e v e l o p e d  b y  T o l a n s k y  ( ^ 9 4 9 , 1 9 4 6 , 1 9 4 ? )  
was fo l loY ;edo  A f u l l  a c c o u n t  o f  t h i s  p o w e r f u l  t e c h n i q u e  
i s  d e s c r i b e d  b y  T o l a n s k y  ( 1 9 4 8 )  an d  no  a t t e m p t  w i l l  b e  
made to  g i v e  t h e  d e t a i l e d  t h e o r y  b u t  a few p o i n t s  o f  
i m p o r t a n c e  t o g e t h e r  w i t h  a g e n e r a l  i n f o r m a t i o n  f r e e l y  
d raw n  f ro m  h i s  b o o k  w i l l  b e  m e n t i o n e d .  Kuhn (1 9 9 1 )  h a s  
r e v i e w e d  t h e  s u b j e c t  i n  h i s  a r t i c l e  on  "New t e c h n i q u e s  
i n  o p t i c a l  i n t e r f e r o m e t r y . "
The f o l l o w i n g  f o u r  m e th o d s  o f  o b s e r v a t i o n s  a r e  
u s u a l l y  f o l l o w e d  ( 1 )  F i z e a u  f r i n g e s  i n  t r a n s m i t t e d  
m o n o c h ro m a t i c  l i g h t  (2 )  F i z e a u  f r i n g e s  i n  r e f l e c t e d  
m o n o c h r o m a t i c  l i g h t  ( 3 )  F r i n g e s  o f  e q u a l  c h r o m a t i c  o r d e r  
i n  t r a n s m i t t e d  l i g h t  u s i n g  w h i t e  l i g h t  s o u r c e  and ( 4 )  
F r i n g e s  o f  e q u a l  c h r o m a t i c  o r d e r  i n  r e f l e c t e d  l i g h t .  
M e th o d s  (3 )  a n d  ( 4 )  d i f f e r  f r o m  (1 )  and  ( 2 )  l e s s  t h a n  
m ig h t  a p p e a r  a t  f i r s t  s i g h t  s i n c e  t h e  a c t u a l  a n a l y s i s  
o f  t h e  c o n t o u r  i s  a l w a y s  c a r r i e d  o u t  f o r  m o n o c h ro m a t i c  
l i g h t  p r o d u c e d  i n  m e th o d s  ( 3 )  and ( 4 )  b y  ' th e  a c t i o n  o f  
s p e c t r o g r a p h  o n  w h i t e  l i g h t .  The d i s c u s s i o n  g i v e n
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b e lo w  t h e r e f o r e  a p p l i e s  e q u a l l y  t o  any  o f  t h e s e  m e t h o d s .
M ost  o f  t h e  o b s e r v a t i o n s  w ere  c a r r i e d  o u t  i n  t h e  
r e f l e c t i o n  s y s t e m  a s  a l l  t h e  c r y s t a l s  v;ere n o t  q u i t e  
t r a n s p a r e n t .  The t h e o r y  f o r  r e f l e c t i o n  s y s t e m  i s  
d i s c u s s e d  by  Hamy ( 1 9 0 6 ) a n d  H o ld e n  ( 1 9 4 9 ) .  I t  i s  known 
t h a t  t h e  F i z e a u  f r i n g e s  a r e  o b t a i n e d  b y  m a t c h i n g  t h e  
s u r f a c e  u n d e r  s t u d y  w h ic h  i s  s i l v e r e d  to  g i v e  a b o u t  90^  
r e f l e c t i v i t y ,  a g a i n s t  a  s i l v e r e d  o p t i c a l l y  f l a t  g l a s s  
p l a t e .  The o p t i c a l  f l a t s  u s e d  w ere  t r u e  t o  7s/4o o v e r  
q u i t e  a l a r g e  a r e a  o f  one  c e n t i m e t r e  d i a m e t e r  and c o u l d  
be  b e t t e r  o v e r  v e r y  s m a l l  a r e a s .  F l a t s  c u t  f r o m  p h o t o ­
g r a p h i c  p l a t e s  w e re  a l s o  f o u n d  s u i t a b l y  f l a t  o v e r  s m a l l  
a r e a s . ,
F o r  two p a r t i a l l y  t r a n s p a r e n t ,  p a r a l l e l  s u r f a c e s  
s e p a r a t e d  b y  a d i e l e c t r i c  o f  t h i c k n e s s  " X " and r e f r a c t i v e  
i n d e x  yu, , i n t e r f e r e n c e  f r i n g e s  c a n  be o b s e r v e d  i n  
t r a n s m i t t e d  o r  r e f l e c t e d  l i g h t .  I f  a beam o f  u n i t  
a m p l i t u d e  i s  i n c i d e n t  a l o n g  a d i r e c t i o n  m a k in g  an a n g l e  
w i t h  t h e  n o r m a l ,  i t  i s  s p l i t  i n t o  two p a r t s  R and T 
w h e re  R and  T a r e  the"  r e f l e c t e d  and  t h e  t r a n s m i t t e d  
f r a c t i o n s ,  t h e  a m p l i t u d e s  o f  w h ic h  b e i n g  ^  and  4T 
r e s p e c t i v e l y .  T h e r e  w i l l  b e  two s e t s  o f  m u l t i p l y  
r e f l e c t e d  beams a , b , c ,  an d  « c , —  a s  shown i n
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f i g u r e  5 .  The beams d i m i n i s h  g e o m e t r i c a l l y  i n  i n t e n s i t y  
an d  i n c r e a s e  a r i t l i m e t i c a l l y  i n  p h a s e  « ( t h e  r e f r a c t i o n  
e f f e c t  i s  n e g l e c t e d  f o r  s i m p l i f y i n g  t h e  c a l c u l a t i o n s ) .  
The t r a n s m i t t e d  s e r i e s  g i v e s  t h e  Y/ell  known A i r y  
e x p r e s s i o n  f o r  t h e  i n t e n s i t y  d i s t r i b u t i o n .
1
I ' -  R)
Where ^ i s  t h e  c o n s t a n t  p h a s e  l a g
b e t w e e n  s u c c e s s i v e  beamSo The t h e o r y  f o r  i n t e r f e r e n c e  
s y s t e m  i n  t r a n s m i s s i o n  i s  s t u d i e d  i n  d e t a i l  b y  B r o s s e l  
( 1 9 4 7 ) .
I n  t h e  r e f l e c t e d  s y s t e m  t h e r e  a r e  some c o m p l i c a t i o n s .  
The p e c u l i a r  p r o p e r t i e s  a r e  due t o  t h e  f a c t  t h a t  t h e  
f i r s t  r e f l e c t e d  beam s u f f e r s  a p h a s e  c h a n g e  w i t h  r e s p e c t  
t o  t h e  s e c o n d  beam w h ic h  i s  a l t o g e t h e r  d i f f e r e n t  f r o m  
t h e  p h a s e  ch a n g e  b e t w e e n  a n y  o t h e r  two s u c c e s s i v e  b e a m s .
F o r  s i l v e r  f i l m s  o f  r e f l e c t i v i t y  o v e r  8ofo t h e  i n t e n s i t y  
d i s t r i b u t i o n  i n  t h e  r e f l e c t e d  an d  t h e  t r a n s m i t t e d  s y s t e m s  
a r e  f o u n d  to  be c o m p le m e n ta r y .
F o r  two i n c l i n e d  s u r f a c e s  m a k in g  a s m a l l  a n g l e .
A i r y  su m m a t io n  s h o u l d  a p p l y  w i t h  t h e  o n l y  d i f f e r e n c e  t h a t  
i n  t h i s  Case  t h e  p a t h  d i f f e r e n c e  b e t w e e n  t h e  s u c c e s s i v e  
r e f l e c t e d  beam s i s  n o t  c o n s t a n t  b u t  c h a n g e s  p r o g r e s s i v e l y
r , g ,  6T
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w i t h  i n c r e a s i n g  o r d e r  o f  r e f l e c t i o n  an d  when t h e  p a t h  
d i f f e r e n c e  b eco m es  } \ / 2  t h e r e  w i l l  b e  a t e n d e n c y  t o  d e s t r o y  
t h e  c o n d i t i o n  f o r  t h e  f o r m a t i o n  o f  s h a r p  i n t e r f e r e n c e  
f r i n g e s .  The p a t h  d i f f e r e n c e  b e tw e e n  t h e  f i r s t  and  t h e  
n t h .  beam i s  f o u n d  t o  be  yv t o  a r o u g h
a p p r o x i m a t i o n ,  wh^e e i s  t h e  wedge a n g l e .  The t e r m  
^  m u s t  t h e r e f o r e  b e  l e s s  t h a n  V x  . The g ap
t  s h o u l d  b e  made a s  s m a l l  a s  p o s s i b l e  so  a s  n o t  t o  e x c e e d  
t h i s  c r i t i c a l  v a l u e .  I t  c a n  e a s i l y  be  shown by  t a k i n g  
t h e  p o s s i b l e  v a l u e s  f o r  n  an d  & t h a t ,  t h i s  s e p a r a t i o n  
b e t w e e n  t h e  two s u r f a c e s  m u s t  be o f  t h e  o r d e r  o f  a few 
wave l e n g t h s  o f  l i g h t  a t  t h e  m o s t ,  o t h e r w i s e  t h e  f r i n g e  
d e f i n i t i o n  s u f f e r s  s e v e r e l y .
T a k in g  a c c o u n t  o f  p h a s e  l a g  v a r i a t i o n s  due t o  
e r r o r s  i n  c o l l i m a t i o n ,  l i n e a r  d i s p l a c e m e n t  o f  beam s e t c . ,  
t h e  e x p e r i m e n t a l  c o n d i t i o n s  f o r  t h e  p r o d u c t i o n  o f  h i g h l y  
s h a r p e n e d  m u l t i p l e  beam F i z e a u  f r i n g e s  c a n  be s u m m a r i s e d  
a s
( 1 )  The s u r f a c e s  m u s t  b e  c o a t e d  w i t h  h i g h l y  r e f l e c t i n g  
f i l m s  w i t h  minimum a b s o r p t i o n
(2 )  The f i l m  m u s t  c o n t o u r  t h e  s u r f a c e  e x a c t l y  an d  be  
h i g h l y  u n i f o r m  i n  t h i c k n e s s
( 3 )  M o n o c h ro m a t ic  l i g h t  o r  a t  t h e  m o s t  a  few w i d e l y  
s p a c e d  m o n o c h ro m a t i c  vmve l e n g t h s  s h o u l d  be u s e d .
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( 4 )  The i n t e r f e r i n g  s u r f a c e s  m u s t  he  s e p a r a t e d  b y  a t  m o s t  
a few wave l e n g t h s  o f  l i g h t .
( 5 )  A p a r a l l e l  beam ( w i t h i n  f  - 'ÿ  t o l e r e n c e )  s h o u l d  be  
u s e d .
( 6 )  The i n c i d e n c e  s h o u l d  be  n o r m a l .
The e x p e r i m e n t a l  a r r a n g e m e n t  f o r  o b s e r v i n g  t h e
un,
f r i n g e s  i n  t h e  r e f l e c t i n g  s y s t e m  i s  s h o w n ^ f i g u r e  6 .
The l e n s  w o r k i n g  d i s t a n c e  b e i n g  s m a l l , m e t a l l u r g i c a l  
m i c r o s c o p e  h a s  t o  b e  u s e d  v^fith r e s t r i c t i o n s  im p o s e d  by  
p r e c i s e  c o l l i m a t i o n .  The im age  I  o f  t h e  s o u r c e  when fo rm e d  
a t  t h e  b a c k  f o c a l  p l a n e  o f  t h e  o b j e c t i v e  0 ,  w i l l  e n a b l e  t h e  
o b j e c t i v e  t o  g i v e  a p a r a l l e l  beam a t  n o r m a l  i n c i d e n c e  on  
t h e  i n t e r f e r o m e t e r  X.
S i l v e r i n g  t e c h n i q u e
F o r  c o a t i n g  h i g h l y  r e f l e c t i n g  f i l m s  on  t h e  
s u r f a c e s ,  s i l v e r i n g  b y  t h e r m a l  e v a p o r a t i o n  i s  t h e  
e s t a b l i s h e d  t e c h n i q u e , .  I t  i s  f o u n d  t o  g i v e  r e f l e c t i v i t y  
o v e r  90fo an d  t h e  c o n d i t i o n s  o f  c o n t o u r i n g  t h e  s u r f a c e  and  
u n i f o i m  d e p o s i t i o n  a r e  s a t i s f i e d .  The s u r f a c e  t o  be  
s i l v e r e d  i s  t h o r o u g h l y  c l e a n s e d  a s  a n y  i m p u r i t y  i n  t h e  
f i l m  w i l l  r e d u c e  r e f l e c t i v i t y  an d  i n c r e a s e  a b s o r p t i o n .
The c l e a n s i n g  a g e n t  d e p e n d s  u p o n  t h e  t y p e  o f  t h e  s u r f a c e  
t o  b e  s i l v e r e d .  G-lass i s  w a sh e d  w i t h  so a p  an d  w a t e r  
aa d l a t e r  c l e a n s e d  w i t h  h y d r o g e n  p e r o x i d e  and  r u b b e d  w i t h
20.
d r y  c o t t o n  w o o l .  The c l e a n s i n g  i s  c o n t i n u e d  t i l l  on  
l i g h t l y  b r e a t h i n g  o v e r  t h e  s u r f a c e  no b r e a t h  f i g u r e s  
a r e  f o r m e d .  F r e s h l y  c l e a v e d  c r y s t a l  s u r f a c e s  do n o t  
r e q u i r e  any  c l e a n i n g .
C r y s t a l s  l i k e  d ia m o n d s  r e s i s t a n t  t o  a c i d s  can  be 
c l e a n e d  b y  n i t r i c  a c i d  and  w a s h e d  w e l l  w i t h  w a t e r  and  
t h e n  c l e a n e d  a s  u s u a l .  As a f i n a l  c l e a n i n g  i o n i c  
b om bardm en t  b y  h i g h  t e n s i o n  d i s c h a r g e  i n  t h e  s i l v e r i n g  
u n i t  h a s  t o  b e  c a r r i e d  o u t .
A c o m m e r c i a l  e v a p o r a t i n g  u n i t  o f  t h e  t y p e  
m a n u f a c t u r e d  b y  E dw ards  an d  Go. was u s e d .  T h i s  c o n s i s t s  
o f  a l a r g e  vacuum  cham ber  i n  t h e  fo rm  o f  a  g l a s s  b e l l  j a r  
60 cm. i n  h e i g h t  a n d  40 cm. i n  d i a m e t e r .  The e v a p o r a t i o n  
i s  done b y  a t h r e e  s t a g e  s i l i c o n  o i l  d i f f u s i o n  pump 
b a c k e d  b y  a  r o t a r y  pump. The b a c k i n g  vacuum  and  t h e  
f i n a l  vacuum ca n  b o t h  be  r e a d  b y  t h e  P i r a n i  an d  t h e  
P h i l i p s  i o n i s a t i o n  g a u g e s  f i t t e d  t o  t h e  u n i t .  The 
d i s c h a r g e  c l e a n i n g  i s  done w hen t h e  p r e s s u r e  f a l l s  b e lo w  
0 . 1  mm. o f  m e r c u r y .  When t h e  p r e s s u r e  f a l l s  to  0 . 0 5 -M. 
o f  m e r c u r y ,  s i l v e r  i s  e v a p o r a t e d  f ro m  a m olybdenum  
f i l a m e n t .  The f i l m  so d e p o s i t e d  i s  u n i f o r m  b e c a u s e  t h e  
d i s t a n c e  b e t w e e n  t h e  s p e c i m e n  and  t h e  f i l a m e n t  i s  q u i t e  
l a r g e  and c o n t o u r s  t h e  s u r f a c e  p e r f e c t l y .
M u l t i  l a y e r s :
O p t i c a l  g l a s s  p l a t e s  c o a t e d  w i t h  d i e l e c t r i c
21o
m u l t i  l a y e r s  w e re  some t i m e s  u s e d ,  J a c q u i n o t  an d  
Osfo)
D u fo u r^ w e re  f i r s t  t o  a p p l y  t h i s  t e c h n i q u e  to  t h e  
p r o d u c t i o n  o f  l o c a l i s e d ,  h i g h  d e f i n i t i o n  t r a n s m i s s i o n  
m u l t i p l e  beam i n t e r f e r e n c e  f r i n g e s  f o r  t o p o g r a p h i c a l  
s t u d i e s  m a k in g  u s e  o f  t h e  f a c t  t h a t  r e f l e c t i n g  
c o e f f i c i e n t s  w h ic h  e x c e e d  e v e n  t h o s e  o f  s i l v e r  i n  t h e  
r e d  a r e  r e a d i l y  o b t a i n a b l e ,  w i t h  c o n s e q u e n t  f r i n g e  
s h a r p e n i n g .
I t  h a s  b e e n  e s t a b l i s h e d  b y  D u fo u r  ( I 9 5 I )  and  
J a r r e t  ( I 9 5 2 ) t h a t  h i g h  r e f l e c t i v i t y  a p p r o x i m a t e l y  97^  
an d  a b s o r p t i o n  n o t  e x c e e d i n g  2fo a r e  o b t a i n a b l e  u s i n g  
a l t e r n a t e  7 \ / 4  t h i c k  l a y e r s  o f  z i n c  s u l f i d e  and  
c r y o l i t e  on  a g l a s s  s u b s t r a t e ,  B e l k ,  T o l a n s k y  an d  
T u r n b u l l  ( I 9 # ) h a v e  r e c e n t l y  g i v e n  an  a c c o u n t  o f  t h i s  
t e c h n i q u e  w i t h  s p e c i a l  r e f e r e n c e  t o  i t s  u s e  i n  s u r f a c e  
t o p o g r a p h y .  T h i s  h a s  c e r t a i n  a d v a n t a g e s  s u c h  a s  ( 1 )  t h e  
s u r f a c e  u n d e r  s t u d y  c a n  b e  s e e n  f r e e  f ro m  f r i n g e s  w i t h o u t  
d i s t u r b i n g  t h e  i n t e r f e r o m e t r i o  s e t  up  b y  u s i n g  a l i g h t  
o t h e r  t h a n  f o r  w h ic h  t h e  f i l m  h a s  b e e n  p r o d u c e d ,  e . g . ,  
f o r  f i l m s  m e a n t  f o r  m e r c u r y  g r e e n  l i g l i t ,  r e d  l i g h t  c a n  
b e  u s e d  s i n c e  t h e  f i l m  " g iv e s  low r e f l e c t i v i t y  f o r  r e d ,
(2 )  t h e  c o n t r a s t  f o r  f r i n g e s  i n  r e f l e c t i o n  i s  good  due to  
l e s s  a b s o r p t i o n  an d  ( 3 )  t h e  f i l m  c o a t i n g  r e m a i n s  i n  good  
c o n d i t i o n  o v e r  a p e r i o d  o f  s e v e r a l  m o n t h s .
2 2 ,
The m u l t i  l a y e r s  a r e  d e p o s i t e d  b y  c o a t i n g  a l t e r n a t e
l a y e r s  of^ z i n c  s u l f i d e  and  c r y o l i t e  o f  t h i c k n e s s
e a c h  on t h e  o p t i c a l  g l a s s  f l a t .  The r e f r a c t i v e  i n d e x
o f  z i n c  s u l f i d e  i s  2 . 3 7  a n d  t h a t  o f  c r y o l i t e  i s  I . 3 6 .
The p r i n c i p l e  o f  m u l t i  l a y e r  f i l m  i s  e a s i l y  u n d e r s t o o d
b y  c o n s i d e r i n g  a s i n g l e  f i l m .  I f  a s i n g l e  f i l m  o f  z i n c
s u l f i d e  o f  t h i c k n e s s  ?\/4 i s  d e p o s i t e d  o n  g l a s s  t h e
r e f l e c t i v i t y  o f  t h e  g l a s s  s u r f a c e  i s  i n c r e a s e d  f ro m  i^o
to  31^  a s  t h e  r e f r a c t i v e  i n d e x  o f  t h e  f i l m  i s  g r e a t e r
t h a n  t h a t  o f  t h e  g l a s s ,  w h e r e a s  a s i m i l a r  f i l m  o f
c r y o l i t e  r e d u c e s  t h e  r e f l e c t i v i t y  f ro m  ¥jo t o  1 ^ .  The
r e f l e c t i v i t y  o f  a s i n g l e  q u a r t e r  wave f i l m  i s  g i v e n
X  I .
by  Rjaax = T 1 w h e re  n ,  and  n& a r e  t h e
r e f r a c t i v e  i n d i c é e  o f  t h e  f i l m  and  t h a t  o f  t h e  s u b s t r a t e .
of
By u s i n g  a num ber  o f  f i l m s  ^ a l t e r n a t e l y  h i g h  and  low 
r e f r a c t i v e  i n d e x  and e a c h  o f  o p t i c a l  t h i c k n e s s  , 
V a r i o u s  r e f l e c t i v i t i e s  may be a t t a i n e d .  F o r  one l a y e r  
31^ ,  t h r e e  l a y e r s  675S, f o r  f i v e  l a y e r s  87^  w ere  t h e  
r e f l e c t i v i t i e s  u s e d  i n  t h e  p r e s e n t  work d e p e n d in g  u p o n  
t h e  r e f l e c t i v i t y  o f  t h e  c r y s t a l  s u r f a c e  u n d e r  s t u d y .
M ic ro  f l a t s :
I n  t h e  s t u d y  o f  c l e a v a g e  s u r f a c e s  w h ic h  w e r e  
v e r y  ro u g h  t h e  c o n d i t i o n  o f  v e r y  n a r r o w  i n t e r f e r o m e t r i e  
gap  o f  t h e  o r d e r  o f  few l i g h t  w aves  c o u l d  n o t  be a t t a i n e d
23.
b y  m eans  o f  o r d i n a r y  o p t i c a l  f l a t s .  The m i c r o  f l a t  
t e c h n i q u e  s u g g e s t e d  b y  T o l a n s k y  and  Omar (1 9 5 3 )  was 
f o l l o w e d .  M ic ro  f l a t s  i n  t h e  fo rm  o f  t r u n c a t e d  c o n e s  
w i t h  f l a t  t o p s  o f  v e r y  s m a l l  d i a m e t e r  up  t o  1 . 0  mm. 
w ere  made b y  t h e  a u t h o r  i n  t h e  l a b o r a t o r y  i n  t h e  f o l l o w i n g  
way. A c y l i n d r i c a l  p i e c e  o f  g l a s s  a b o u t  5 mm, i n  
d i a m e t e r  i s  c a r e f u l l y  c u t  w i t h o u t  d am ag in g  t h e  s u r f a c e  
f ro m  a go o d  q u a l i t y  g l a s s  f l a t .  The s u r f a c e  i s  c o a t e d  
w i t h  g e l v a  c e m en t  ( p o l y v i n y l  a c e t a t e )  t o  p r o t e c t  t h e  
s u r f a c e  f ro m  g e t t i n g  s c r a t c h e d .  The s m a l l  p i e c e  i s  t h e n  
f i x e d  t o  a m e t a l  r o d  b y  t h e  g e l v a  cem en t  a n d  t h e  r o d  
f i x e d  i n  a l a t h e .  The g l a s s  p i e c e  i s  r e d u c e d  t o  t h e  
r e q u i r e d  s h a p e  an d  s i z e  b y  g r i n d i i u g  a g a i n s t  c a rb o ru n d u m  
po w d er  s p r e a d  o v e r  a c o p p e r  s t r i p .  As d i a m o n d , t o p a z  w ere  
h a r d  c r y s t a l s  t h e  m i c r o  f l a t s  g o t  s c r a t c h e d  o r  c h i p p e d  
q u i t e  f r e q u e n t l y  an d  so  a  n um ber  o f  them  w e re  r e q u i r e d  
t o  b e  made.  T h i s  t e c h n i q u e  i s  now f o l l o w e d  b y  s e v e r a l  
c o l l e a g u e s  i n  t h i s  l a b o r a t o r y .
A s p e c i a l  t y p e  o f  j i g  t o  h o l d  t h e  c r y s t a l  an d  
th e  m i c r o  f l a t  w i t h  c o n v e n i e n c e  o f  m o v in g  t h e  s u r f a c e  
so a s  t o  b e  a b l e  t o  s c a n  d i f f e r e n t  a r e a s  was u s e d .  T h i s  
was an im p ro v em e n t  o n  t h e  t y p e  d e s c r i b e d  b y  T o l a n s k y  and
Omar so  t h a t  h i g h  pow er  o b j e c t i v e s  up  t o  8 mm. c o u l d  be  
u s e d  v ; i t h  t h e  f l a t s  c u t  f ro m  a p h o t o g r a p h i c  p l a t e .
24.
The i ï i t e r f e r o m e t r i c  g ap  c o u l d  b e  a d j u s t e d  a t  w i l l  b y  
m eans  o f  n u t s  w h i c h  p r e s s e d  t h e  s p r i n g s  s e p a r a t i n g  t h e  
p l a t e s  to  w h ich  t h e  s u r f a c e  and  t h e  m i c r o  f l a t  w e re  f i x e d .  
A s c h e m a t i c  a r r a n g e m e n t  o f  t h e  c r y s t a l  and  t h e  m io r o  f l a t  
m o u n te d  o n  t h e  j i g  i s  shown i n  f i g u r e  7 .
T h i n  f i l m  t e c h n i q u e  :
T h i s  t e c h n i q u e  was d e v e l o p e d  b y  T o l a n s k y  and 
Omar (195 2 ) .  A t h i n  l a y e r  o f  c a n a d a  b a l s a m  d i s s o l v e d  
i n  x y l e n e  i s  s p r e a d  o v e r  t h e  s i l v e r e d  c r y s t a l  s u r f a c e  
an d  a l l o w e d  t o  d r y .  The s u r f a c e  i s  t h e n  s i l v e r e d  a g a i n .  
S h a r p  i n t e r f e r e n c e  f r i n g e s  a r e  o b t a i n e d  u s i n g  h i ^  p o w er  
o b j e c t i v e s .  The s u r f a c e  o f  t h e  f i l m  w h ic h  i s  s i l v e r e d  
w o rk s  a s  a f l a t  an d  t h e  f i l m  i t s e l f  i s  t h e  medium 
s e p a r a t i n g  t h e  s u r f a c e  an d  t h e  f l a t .  The d i f f i c u l t y  
o f  u s i n g  t h i s  m e th o d  i s  t h a t  t h e  d i s p e r s i o n  o f  t h e  
f r i n g e s  i s  n o t  u n i f o r m  a s  t h e  f i l m  s u r f a c e  i s  n o t  f l a t  
w h ic h  i s  l i k e l y  to  g i v e  e r r o n e o u s  i n f o r m a t i o n  o v e r  b i g g e r  
f e a t u r e s .  O n ly  o v e r  s m a l l  a r e a s  l o c a l  f e a t u r e s  c a n  be  
r e v e a l e d  a n d  i n t e r p r e t e d .  F i g u r e  34 g i v e s  i n t e r f e r e -  
g ram  t a k e n  o v e r  a  c l e a v a g e  s u r f a c e  o f  d iam o n d  s t u d i e d  
w h e re  t h e  s e c o n d a r y  c l e a v a g e s  a r e  v i s i b l e .  T h i s  t e c h n i q u e  
was n o t  f o l l o w e d  up  f o r  w an t  o f  p e r f e c t i o n .
M e a s u re m e n t  o f  s t e p - h e i g h t s %
S t e p  h e i g h t s  w e re  m e a s u r e d  i n  t e r m s  o f  f r a c t i o n  
o f  an o r d e r  dn w h ic h  i s  e q u i v a l e n t  t o  M cNair  (1 9 2 6 )
25.
a p p r o x i m a t i o n  m e th o d  f o r  hummer p l a t e  i n t e r f e r o m e t e r .
T h i s  i s  p o s s i b l e  o n l y  i f  dn  i s  l e s s  t h a n  o n e  an d  c o r r e c t  
a l l o c a t i o n  o f  o r d e r  i s  known. The wedge d i r e c t i o n  i s  
known b y  l i g h t l y  p r e s s i n g  on  o n e  end o f  t h e  i n t e r f e r o m e t e r  
an d  s e e i n g  w h ic h  way t h e  f r i n g e s  move. The f r i n g e s  move 
i n  t h e  d i r e c t i o n  o f  l a r g e r  g a p .  T h i s  i s  T o l a n s k y » s  m e th o d .
( / 9 4 7 )
A n o t h e r  m e th o d  b y  B r o s s e l / ^ i s  t o  w id e n  t h e  a p e r t u r e  and 
o b s e r v e  t h e  c h a n g e .  A w in g  d e v e l o p s  on  o n e  s i d e  o f  t h e  
f r i n g e s ,  w h ic h  i s  t h e  d i r e c t i o n  o f  t h e  i n c r e a s i n g  g a p .
I n  f i g u r e  8 t h e  v e r t i c a l  l i n e s  a r e  f r i n g e s  w i t h  s h i f t s  
a t  t h e  s t e p .  Then
c  -  -  -  -
an d  s i n c e  t h e  d i s t a n c e  b e t w e e n  two c o n s e c u t i v e  f r i n g e s  
g i v e s  a d e p t h  o f  t h e  s t e p  h e i g h t  i n  A n g s t ro m  u n i t s
c a n  b e  c a l c u l a t e d .  T h i s  p r o c e s s  i s  a p p l i c a b l e  t o  
f e a t u r e s  w h ic h  a r e  r e g u l a r  o v e r  d i s t a n c e s  g r e a t e r  t h a n  
t h e  f r i n g e  s e p a r a t i o n .  The l o c a l  v a r i a t i o n  o f  wedge 
a n g l e  i n t r o d u c e s  u n c e r t a i n t i e s  i n t o  F i z e a u  f r i n g e s  
m e a s u r e m e n t s  o f  i r r e g u l a r  f e a t u r e s  and  i t  b eco m es  n e c e s s a r y
t o  em p lo y  t h e  F r i n g e s  o f  e q u a l  c h r o m a t i c  o r d e r .
M e a s u re m e n t  o f  s u r f a c e  a n g l e s ;
The f o l l o w i n g  g e n e r a l  m e th o d  due t o  W i l c o c k  ^951)
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2 6 ,
was f o l l o w e d  f o r  d e t e r m i n a t i o n  o f  s u r f a c e  a n g l e s .
I n  t h e  f i g u r e  9/AB i s  t h e  r i d g e  e d g e ,  PX a n d  PZ 
a r e  t h e  f r i n g e s  m a k in g  anglesoCandp wi.tKl AB, PQ i s  t h e  
d i s t a n c e  hetvi/een t h e  c o n s e c u t i v e  o r d e r s .  The a n g l e  
"between t h e  two f a c e s  i s  g i v e n  b y
^ (  Cot 06 -V Cot / i )
T h i s  m e th o d  i s  a p p l i c a b l e  f o r  s m a l l  s u r f a c e  a n g l e s  
o n l y  when t h e  i n c i d e n c e  i s  n o r m a l .
The m e th o d  o f  u s i n g  t h e  f r i n g e s  o f  e q u a l  c h r o m a t i c  
o r d e r  w i t h  w h i t e  l i g h t  s o u r c e  i s  d e s c r i b e d  b e l o w .
F r i n g e s  o f  e q u a l  c h r o m a t i c  o r d e r ?
A s e c t i o n  o f  t h e  i n t e r f e r o m e t e r  i s  p r o j e c t e d  
on  t h e  s l i t  o f  a s p e c t r o g r a p h  b y  u s i n g  a  w h i t e  l i g h t  
s o u r c e .  When t h e  s l i t  i s  made n a r r o w  v e r y  s h a r p  
" f r i n g e s  o f  e q u a l  " a r e  o b t a i n e d .  T h e s e  f r i n g e s  a r e  
c a l l e d  F r i n g e s  o f  e q u a l  c h r o m a t i c  o r d e r  b y  T o l a n s k y ,
T h i s  name i s  q u i t e  a p p r o p r i a t e  i n  s e q u e n c e  w i t h  t h e  
n a m e S ; f r i n g e s  o f  e q u a l  t h i c k n e s s  f o r  F i z e a u  f r i n g e s  an d  
f r i n g e s  o f  e q u a l  i n c l i n a t i o n  f o r  t h e  F a b r y  P e r o t  f r i n g e s .  
The e x p e r i m e n t a l  a r r a n g e m e n t  f o r  t h e  f r i n g e s  o f  e q u a l  
c h r o m a t i c  o r d e r  i n  t r a n s m i s s i o n  i s  shown i n  f i g u r e  1 0 ,
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A i s  w h i t e  l i g l i t  s o u r c e ,  an  im age  o f  vfhich i s  
p r o j e c t e d  on  to  a c i r c u l a r  a p e r t u r e  C b y  a l e n s  B. C 
i s  a t  t h e  f o c u s  o f  t h e  l e n s  D w h ic h  s e n d s  a p a r a l l e l  
beam o f  w h i t e  l i g h t  on  to  t h e  i n t e r f e r o m e t e r  E a t  n o r m a l  
i n c i d e n c e .  W i th  a good  c o n v e x  l e n s  o r  a m i c r o s c o p e  
o b j e c t i v e  t h e  im age  o f  t h e  f i l m  E i s  p r o j e c t e d  o n  t h e  s l i t  
o f  t h e  s p e c t r o g r a p h .  The f r i n g e s  a p p e a r  a t  H.
I f  t h e  f r i n g e s  show no d i s c o n t i n u i t i e s  i . e . ,  
i t  v a r i e s  c o n t i n u o u s l y  t h e n  f e a t u r e s  w h i c h  a r e  r a i s e d  
w i t h  r e s p e c t  t o  o t h e r s  a r e  r e a d i l y  d e t e c t e d ,  s i n c e  t h e  
c o r r e s p o n d i n g  p o r t i o n  o f  t h e  f r i n g e s  moves  to  r e g i o n s  
o f  s m a l l e r  w a v e l e n g t h .  I f  o n  t h e  o t h e r  h a n d  t h e r e  i s  an  
a b r u p t  s t e p  a s  on  a c l e a v a g e  f a c e  o f  a c r y s t a l ,  t h a t  
s i d e  c o n t a i n i n g  t h e  s m a l l e r  num ber  o f  f r i n g e s  i n  a g i v e n  
w a v e l e n g t h  r a n g e  c o r r e s p o n d  t o  s m a l l e r  gap  t h i c k n e s s ,  
and i s  t h e r e f o r e  an e l e v a t i o n  on  t h e  s p e c i m e n .  T h i s  e a s e  
o f  i n t e r p r e t a t i o n  i s  an a d v a n t a g e  o v e r  E i z e a u  f r i n g e  
t e c h n i q u e .
The s t e p  h e i g h t  i s  e v a l u a t e d  i n  a num ber  o f  ways 
d e p e n d i n g  u p o n  t h e  t y p e  o f  f r i n g e s  o b t a i n e d .  F o r  f r i n g e s  
o f  h i g h  d i s p e r s i o n  and  low o r d e r s  o n l y  a few f r i n g e s  o f  
i n  t h e  w h o le  v i s i b l e  r a n g e  a r e  o b t a i n e d .  The s t e p  h e i g h t  
i s  t h e n  c a l c u l a t e d  a s  b e l o w ,
= At
28
ckX  =.
w h ere  d !\ i s  wave l e n g t h  c h a n g e  p r o d u c e d  b y  c h a n g e  o f  
t h i c k n e s s  d t . n  i s  t h e  o r d e r  o f  t h e  f r i n g e  w h ic h  i:s 
c a l c u l a t e d  b y
two a d j a c e n t  o r d e r s ,  t h e  o r d e r  f o r  b l u e  t o d  o f  t h e  s p e c t r u m  
b e i n g  h i g h e r .  Knowing n  an d  d \  , d t  c a n  b e  c a l c u l a t e d .
K o e h l e r  ( 1 9 5 3 )  b a s  s u g g e s t e d  an e q u a t i o n  j ^
a c c o u n t  f o r  p h a s e  c h a n g e s  i n  r e f l e c t i o n s  a s  an e r r o r  
o f  ifo ch a n g e  i n  t h i c k n e s s  m e a s u r e m e n t  i s  i n t r o d u c e d .
I n  t h e  p r e s e n t  s t u d y  a  V i c k e r ' s  p r o j e c t i o n  
m i c r o s c o p e  was u s e d  t o  g e t  t h e  F i z e a u  f r i n g e s  and a H i l g e r * s  
c o n s t a n t  d e v i a t i o n  s p e c t r o g r a p h  was u s e d  t o  g e t  t h e  
f r i n g e s  o f  e q u a l  c h r o m a t i c  o r d e r  a l o n g  w i t h  i t .
The i n t e r f e r o g r a m s  w e re  t a k e n  on  Kodak 0 250 
p l a t e s  d e v e l o p e d  b y  D 1 9 b d e v e l o p e r  f o r  r e c o r d i n g  t h e  
F i z e a u  f r i n g e s  a n d  f o r  t h e  f r i n g e s  o f  e q u a l  c h r o m a t i c  
o r d e r  I l f o r d  KP3 p l a t e s  w e re  u s e d .
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CHAPTER 3
PHASE CONTRAST MICROSCOPE
The p r i n c i p l e s  o f  p h a s e  c o n t r a s t  m i c r o s c o p y  w e re  
f i r s t  g i v e n  b y  Z e r n i c k e  (1 9 3 4 )  and now c o m p r i s e  a p o w e r f u l  
t e c h n i q u e .  An e x c e l l e n t  a c c o u n t  o f  t h e  p r i n c i p l e s  and  
a p p l i c a t i o n  o f  t h i s  t e c l i n i q u e  w i t h  an e x h a u s t i v e  
b i b l i o g r a p h y  i s  g i v e n  b y  B e n n e t ,  J u p n i k ,  O s t e r b u r g  and 
R i c h a r d s  ( 1 9 5 1 ) .  J e n k i n s  and  Y/hite  ( 1 9 5 1 )  h a v e  g i v e n  
a  s i m p l e  e x p l a n a t i o n  o f  t h e  g e n e r a l  p r i n c i p l e s ;  Verma 
( 1 9 5 3 ) b a s  a l s o  e x p l a i n e d  i n  a s i m p l e  l a n g u a g e  t h e  p h a s e  
c o n t r a s t  m i c r o s c o p e  t o g e t h e r  w i t h  a d e s c r i p t i o n  o f  t h e  
a c t u a l  i n s t r u m e n t  w h ic h  was u s e d  i n  t h e  p r e s e n t  w o rk .
The m e th o d  was o r i g i n a l l y  f o u n d  f o r  r e n d e r i n g  t r a n s p a r e n t  
v i s i b l e  o b j e c t s  m o s t  commonly m e t  w i t h  i n  b i o l o g i c a l  
s p e c i m e n s  and we e x p l a i n  t h e  same f o r  t r a n s m i t t e d  l i g h t  
t o  f a c i l i t a t e  t h e  e x p l a n a t i o n .  The p a r t  o f  s u c h  t r a n s p ­
a r e n t  o b j e c t s  w h ic h  d i f f e r  o n l y  i n  t h i c k n e s s  o r  r e f r a c t i v e  
i n d e x  w i l l  i n f l u e n c e  l i g h t  t r a v e l l i n g  t h r o u g h  t h e  s l i d e  
b y  a l t e r i n g  i t s  p h a s e  r a t h e r  t h a n  a m p l i t u d e .  U s i n g  
d a r k  f i e l d  i l l u m i n a t i o n  o r  b y  s h i f t  o f  fo tM S  some 
im p ro v e m e n t  c a n  be  made i n  r e n d e r i n g  t h e  o b j e c t  v i s i b l e
b u t  t h e  t r u e s t  r e p r e s e n t a t i o n  o f  t h e  o b j e c t  i s  o b t a i n e d  
w i t h  p h a s e  c o n t r a s t  m e th o d .  T h i s  i s  e s s e n t i a l l y  t h e  
c o n v e r s i o n  o f  p h a s e  v a r i a t i o n s  on  t h e  wave f r o n t s  l e a v i n g
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t h e  o b j e c t ,  i n t o  v a r i a t i o n s  o f  i n t e n s i t y  i n  t h e  p l a n e  
o f  t h e  i m a g e , f i g u r e  11 shows hov; t h i s  i s  d o n e .  I n  
p a r t  ( a )  a r e  shown t h e  a d d i t i o n s  t o  an o r d i n a r y  m i c r o s c o p e  
w h ic h  a r e  t h e  p h a s e  p l a t e  P  a n d  an a n n u l a r  d i a p h r a g m  D.
D i s  p l a c e d  i n  t h e  f r o n t  f o c a l  p l a n e  o f  t h e  s u b s t a g e  
c o n d e n s e r  C an d  an im age  o f  t h e  l i g h t  s o u r c e  i s  f o c u s s e d  
u p o n  D b y  t h e  c o n c a v e  m i r r o r  M. The o b j e c t  on  t h e  s l i d e  S 
i s  t h e r e f o r e  i l l u m i n a t e d  b y  a h o l l o w  co n e  o f  p a r a l l e l  
l i g h t .  I f  t h e r e  w e re  no d i f f r a c t i o n  b y  t h e  s p e c im e n  on  
t h e  s l i d e ,  t h i s  l i g h t  w ou ld  b e  f o c u s s e d  a g a i n  b y  t h e  
f i r s t  t h r e e  l e n s e s  o f  t h e  o b j e c t i v e  0 t o  f o rm  an  im age  
o f  D on  t h e  p h a s e  p l a t e  P .  T h i s  may c o n s i s t  o f  a g l a s s  
p l a t e  u p o n  w h ic h  i s  e v a p o r a t e d  a n  a n n u l a r  l a y e r  o f  a 
t r a n s p a r e n t  d i e l e c t r i c  o f  o p t i c a l  t h i c k n e s s  >i/i^  . The
s i z e  o f  t h i s  r e t a r d i n g  r i n g  i s  s u c h  a s  t o  m a tc h  t h e  im age  
o f  D. I t  a l s o  h a s  a t h i n  d e p o s i t  o f  m e t a l l i c  f i l m  to  
r e d u c e  t r a n s m i s s i o n .  The o b j e c t  on  m i c r o s c o p e  h a s  a l w a y s  
some s t r u c t u r e  w h ich  w i l l  c a u s e  d i f f r a c t i o n  o f  t h e  l i g h t  
p a s s i n g  t h r o u g h  i t .  F o r  s i m p l i c i t y  l e t  u s  s u p p o s e  t h a t  
i n  f i g u r e  11 b ,  t h e  s p e c im e n  p r o d u c e s  a  d i f f r a c t i o n  
p a t t e r n  l i k e  t h e  F r a u n h o f e r  p a t t e r n  o f  a s i n g l e  a p e r t u r e  
a s  i n d i c a t e d  b y  b r o k e n  c u r v e  below’ P .  The l i g h t  o f  
c e n t r a l  maximum i s  r e t a r d e d  i n  p h a s e  b y  w i t h  r e s p e c t
t o  d i f f r a c t e d  l i g h t ,  w h ic h  i s  on  a v e r a g e  a l r e a d y  one
image
F o c u I
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DoPhasep la h  . ^ ^ 2
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q u a r t e r  v i b r a t i o n  b e h i n d  t h e  c e n t r a l  m axim a.  T h e r e f o r e  
t h e  p h a s e  p l a t e  b r i n g s  t h e  two i n  p h a s e  w i t h  a r e s u l t i n g  
l a r g e  i n c r e a s e  i n  i n t e n s i t y  a t  t h e  c o r r e s p o n d i n g  p o i n t  i n  
t h e  f i n a l  im a g e .  The d i f f r a c t i n g  o b j e c t  i s  t h e n  r e n d e r e d  
v i s i b l e  by  w h a t  i s  known a s  b r i g h t  c o n t r a s t  o r  n e g a t i v e  
p h a s e  c o n t r a s t .  I f  t h e  p h a s e  p l a t e  i s  made so a s  t o  
a d v a n c e  t h e  d i r e c t  l i g h t  i n  p h a s e  w i t h  r e s p e c t  t o  d i f f r a c t e d  
l i g h t  we h a v e  p o s i t i v e  p h a s e  c o n t r a s t . The o b j e c t  i s  
d a r k  b e c a u s e  o f  d e s t r u c t i v e  i n t e r f e r e n c e  a t  t h e  im a g e .
F o r  b e s t  r e s u l t s  t h e  a n n u l a r  p l a t e  i s  made a b s o r b i n g ,  
s i n c e  o t h e r w i s e  t h e  l i g h t  o f  c e n t r a l  maximum i s  t o o  s t r o n g  
r e l a t i v e  to  d i f f r a c t e d  b ea m s .  Thus b y  i n t r o d u c i n g  a  p h a s e  
p l a t e  w h ic h  p r o d u c e s  p h a s e  c h a n g e s  i n  t h e  p l a n e  o f  
d i f f r a c t i o n  i m a g e s ,  an o b j e c t  w h ic h  i n f l u e n c e s  t h e  beam 
t h r o u g h  c h a n g i n g  i t s  o p t i c a l  p a t h  may b e  made v i s i b l e ,  
p r o v i d e d  s u c h  o b j e c t  p r o d u c e s  d i f f r a c t i o n  p a t t e r n .
A l th o u g h  d i f f r a c t i o n  i s  n o t  a s  p r o n o u n c e d  a s  t h a t  p r o d u c e d  
b y  a i a p l i t u d e  c h a n g e s ,  s u c h  a p a t t e r n  a l w a y s  e x i s t s .
I n  t h e  c o m p l e t e  t h e o r y  o f  m i c r o s c o p i c  im age  o u t  o f  two 
e s s e n t i a l  s t a g e s  o f  d i f f r a c t i o n ,  one  a t  t h e  p l a n e  o f  t h e  
o b j e c t  an d  t h e  o t h e r  a t  t h e  o b j e c t i v e  l e n s ,  a s  p o i n t e d  o u t  
b y  Abbe, o n l y  t h e  s e c o n d  one i s  c o v e r e d  i n  t h i s  t e c h n i q u e  
and t h u s  i t  f a i l s  t o  g i v e  a q u a n t i t a t i v e  c o r r e c t  r e s u l t .
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F i g u r e  1 1 ( c )  shows s e t  u p  f o r  v i e w i n g  o p aq u e  
o b j e c t s  w i t h  s u r f a c e  s t r u c t u r e .
Description of the Apparatus.
The i n s t r u m e n t  u s e d  i n  t l i e  p r e s e n t  work  was t h e  
Cooks T r o u g h t o n  and  Simms p h a s e  c o n t r a s t  e q u i p m e n t  f o r  
r e f l e c t i o n  w h ich  c a n  be f i t t e d  on  t h e  V ic k e r*  s p r o j e c t i o n  
m i c r o s c o p e .
D t h e  a n n u l a r  d i a p h r a g m  s e r v e s  a s  e n t r a n c e  p u p i l  
o f  t h e  o p t i c a l  s y s t e m  w h ich  c o n s i s t s  o f  a f i e l d  l e n s ; 
m i c r o s c o p e  o b j e c t i v e  and t h e  r e f l e c t i n g  s u r f a c e  o f  t h e  
s p e c i m e n .  L i g h t  i s  f o c u s s e d  on  D b y  c o n d e n s e r  C. The 
f i e l d  l e n s  and  o b j e c t i v e  f o r m  an image D, o f  t h e  f i e l d  
s t o p  o n  t h e  s p e c u l a r l y  r e f l e c t i n g  s u r f a c e  o f  t h e  s p e c i m e n .  
The l i g h t  i s  r e f l e c t e d  f ro m  t h e  s p e c i m e n  an d  t h e n  p a s s e s  
t h r o u g h  th e  o b j e c t i v e  a g a i n  t o  f o rm  a r e a l  image D2 
o f  t h e  d i a p h r a g m  D. The p h a s e  p l a t e  i s  k e p t  a t  D2 .
The o b j e c t i v e  l e n s e s ,  p h a s e  p l a t e  a n d  beam s p l i t t e r  
a r e  m o u n te d  a s  shown i n  t h e  f i g u r e  1 2 .  T h i s  i n s t r u m e n t  
m akes  p o s i t i v e  p h a s e  c o n t r a s t  w i t h  a s i n g l e  p h a s e  p l a t e  
h a v i n g  80^  a b s o r p t i o n  w i t h  a p h a s e  r e t a r d a t i o n  o f  
T h i s  p h a s e  p l a t e  seem s m o d e r a t e l y  w e l l  f o r  a l l  p r a c t i c a l  
p u r p o s e s  o v e r  t h e  w ho le  r a n g e  o f  s m a l l  p a t h  d i f f e r e n c e s .  
The s u r f a c e  m u s t  b e  a d j u s t e d  p e r p e n d i c u l a r  to  t h e  o p t i c a l  
a x i s  o f  t h e  m i c r o s c o p e ,  so t h a t  im age  o f  t h e  d i a p h r a g m
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i s  c e n t r e d .  F o r  t h i s  p u r p o s e  an a u x i l i a r y  m i c r o s c o p e  
i s  p r o v i d e d  vfhich can  be i n s e r t e d  i n  p l a c e  o f  t h e  e y e p i e c e ,  
T h i s  e n a b l e s  t h e  e x a m i n a t i o n  o f  t h e  b a c k  f o c a l  p l a n e  
o f  t h e  o b j e c t i v e  so t h a t  t h e  im age  o f  t h e  d i a p h r a g m  c a n  
b e  made t o  c o i n c i d e  e x a c t l y  w i t h  t h e  p h a s e  p l a t e .
F o r  c o a r s e r  d e t a i l  i t  may n o t  be  p o s s i b l e  to  
i s o l a t e  t h e  d i f f r a c t i o n  e f f e c t s  b e t w e e n  t h e  z e r o  and  t h e  
h i g h e r  o r d e r  s p e c t r a l  i m a g e s .  F u r t h e r  t h e  s u r f a c e  o f  
t h e  s p e c im e n  s h o u l d  b e  s p e c u l a r l y  r e f l e c t i n g  i n  o r d e r  
t o  fo rm  a s h a r p  image o f  t h e  a n n u l a r  c o n d e n s e r  d i a p h r a g m  
on  t h e  p h a s e  p l a t e .  I f  t h e  s u r f a c e  i s  r o u g h  so t h a t  l i g h t  
i s  d i f f u s e d  c o m p l e t e l y ,  no im age  o f  t h e  a n n u l a r  d i a p h r a g m  
i s  f o rm e d  a f t e r  t h e  l i g h t  p a s s e s  t h r o u g h  t h e  o b j e c t i v e  
a s e c o n d  t im e  and  t h e  p h a s e  c o n t r a s t  can  n o t  b e  u s e d  
a t  a l l .
I n  p h a s e  c o n t r a s t  m i c r o s c o p y  b e s t  c o n t r a s t  i s  
o b t a i n e d  when t h e  s p e c im e n  i s  e x a c t l y  i n  f o c u s  w h e r e a s  
i n  b r i g h t  f i e l d  m i c r o s c o p y  d e f o c u s s i n g  i s  u s e d  to  o b s e r v e  
s p e c i m e n s  o f  low  c o n t r a s t .  The im age b e a r s  a c l o s e r  
r e s e m b l a n c e  t o  t h e  o b j e c t  when i t  i s  a c c u r a t e l y  i n  f o c u s  
an d  c o n t r a s t  i s  maximum i n  t h e  p h a s e  c o n t r a s t  t e c h n i q u e . 
M o re o v e r  t h e  a p e r t u r e  i s  f u l l y  o p e n  a n d  t h e r e  i s  no
d e c r e a s e  i n  r e s o l u t i o n .
V e ry  c o n t r a s t y  Kodak B20 p r o c e s s  p l a t e s  w ere  u s e d  
and d e v e l o p e d  i n  c o n t r a s t y  Kodak d8 d e v e l o p e r ,  t o  g e t  t h e  
b e s t  c o n t r a s t .
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CHAPTER 4 
LIGHT PROFILE MICROSCOPE
When t h e  s u r f a c e  u n d e r  s t u d y  was v e r y  c o a r s e  
so t h a t  c o n d i t i o n  o f  c l o s e s t  a p p r o a c h ,  q u i t e  e s s e n t i a l  
f o r  m u l t i p l e  beam i n t e r f e r o m e t r y  c o u l d  n o t  b e  o b t a i n e d  
t h e  l i g h t  p r o f i l e  m i c r o s c o p e  d e v e l o p e d  b y  T o l a n s k y  ( I 9 5 I )  
was u s e d .  T h i s  t e c h n i q u e  i s  a c o n s i d e r a b l e  d e v e lo p m e n t  
o f  t h e  l i g h t  c u t  p r o c e d u r e  b y  S c h m a l t z  ( 1 9 3 6 ) .  S c h m a l t z  
l i g h t  c u t  m e th o d  i s  d e s c r i b e d  i n  d e t a i l  b y  R a n t c h  ( 1 9 4 5 )  
and  i t  a p p e a r s  t h a t  m a g n i f i c a t i o n  e x c e e d i n g  X 400 a r e  
n o t  a v a i l a b l e .  I n  t h e  o r i g i n a l  m e th o d  an  image o f  a 
s l i t  i s  p r o j e c t e d  on  t o  t h e  s u r f a c e  u n d e r  s t u d y  a t  a n  
a n g l e  o f  45°  w i t h  a m i c r o s c o p e  o b j e c t i v e .  The s p e c u l a r l y  
r e f l e c t e d  beam i s  v i e w e d  w i t h  a s e p a r a t e  m i c r o s c o p e  and  
a p r o f i l e  d e p t h  i s  c o n v e r t e d ' t o  l i n e  p a t t e r n  i n  e x t e n s i o n .  
I n  t h i s  a r r a n g e m e n t  t h e  w o r k i n g  d i s t a n c e  p r e v e n t s  t h e  
u s e  o f  h i g h  p o w e r s .  Two a l t e r n a t i v e  m e th o d s  a r e  
s u g g e s t e d ,  one  b y  B u s c h  (1 9 4 3 )  an d  t h e  o t h e r  b y  F r i c h m u t h  
( 1 9 4 5 ) .  E .M e n z e l  ( I 9 5 I )  h a s  g i v e n  a m e th o d  w i t h  s l i g h t  
v a r i a t i o n  an d  an a d d i t i o n  o f  a co m p lex  wave p h a s e  p l a t e  
b e h i n d  t h e  o b j e c t i v e  malcing i t  more e l a b o r a t e .  The 
f o l l o w i n g  d r a w b a c k s  a r e  n o t i c e a b l e  i n  t h e s e  m e t h o d s :
( 1 )  P r o f i l e  a p p e a r i n g  a s  a b r i g h t  l i n e  on  a d a r k  
f i e l d  m akes  i d e n t i f i c a t i o n  o f  a r e a  u n d e r  s t u d y  d i f f i c u l t .
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(2 )  N o n - s p e c u l a r  r e g i o n s  g i v e  f a l s e  r e p r e s e n t a t i o n  
a s  t h e r e  i s  no r e f l e c t i o n  f r o m  t h e s e  a r e a .
( 3 )  The f u l l  e f f e c t i v e  l e n s - a p e r t u r e  o f  t h e  
o b j e c t i v e  i s  n o t  u s e d .
(4 )  H ig h  P ow er  o b j e c t i v e  can  n o t  be u s e d .
To o v e rco m e  t h e s e  d i f f i c u l t i e s  T o l a n s k y  h a s  shovm t h a t  
V i c k e r s *  P r o j e c t i o n  m i c r o s c o p e  can  be u s e d  a s  a p r o f i l e  
m i c r o s c o p e  b y  m a k in g  m i n o r  a d a p t i o n  an d  r e v e r s i n g  t h e  
c o n d i t i o n  o f  i l l u r a i n a t i o n  b y  s u b s t i t u t i n g  an o p a q u e  l i n e  
on  l i g h t  b a c k g r o u n d  i n  p l a c e  o f  l i g h t  s l i t .
F i g u r e  I 3 shov/s t h e  s c h e m a t i c  a r r a n g e m e n t .  A i s  
a m o n o c h r o m a t i c  s o u r c e  i n  t h e  p r e s e n t  c a s e  m e r c u r y  lam p 
w i t h  W r a t t e n  77 A f i l t e r  to  g i v e  t h e  g r e e n  5461  A l i n e .  
The o f f - c e n t r e  i l l u m i n a t i o n  b r i n g s  i n  s e v e r e  c h r o m a t i s m  
an d  h e n c e  t h e  n e c e s s i t y  o f  m o n o c h ro m a t i c  l i g h t .  3± i s  
a  d i a p h r a g m  and 82  i s  t h e  f i e l d  i r i s  i n  t h e  u n i v e r s a l  
i l l u m i n a t o r  n e a r  t o  w h ic h  t h e  p r o f i l e  i s  k e p t  so t h a t  
t h e  im age  o f  t h e  p r o f i l e  can  be p r o j e c t e d  o n  t h e  s u r f a c e  
X u n d e r  s t u d y .  The p r o f i l e  c a n  be  i n  t h e  fo rm  o f  a t h i n  
w i r e  o r  a s c r a t c h  on  g l a s s  o r  t h e  e d g e  o f  a c o v e r s l i p .
The m e t a l  to n g u e  s e c t o r  r e f l e c t o r  M g i v e s  t h e  o f f - c e n t r e  
i l l u m i n a t i o n  and  p r a c t i c a l l y  t h e  f u l l  a p e r t u r e  o f  t h e  
o b j e c t i v e  0 i s  made u s e  o f .  O b j e c t i v e  0 u p  t o  2 mm.
( o i l  im m e r s io n )  c a n  b e  u s e d  t o  s e c u r e  h i g h  p o w e r .  E 
i s  e y e p i e c e  w h e re  t h e  im age  i s  s e e n .  I n  a c t u a l  work
3.6.
t h e  s p e c i m e n  i s  f o c u s s e d  f i r s t  w i t h  a v e r y  n a r r o w  d i a p h r a g m  
and t h e n  t h e  p r o f i l e  i s  a d j u s t e d  so a s  t o  g i v e  i t s  im age 
on  t h e  s u r f a c e  o f  t h e  s p e c i m e n .  The p r o f i l e  m a g n i f i c a t i o n  
i s  shown to  b e  w h e r e i  i s  t h e  a n g l e  o f  i n c i d e n c e  o f
t h e  o f f - c e n t r e  i l l u m i n a t i o n  an d  t h e  r e f r a c t i v e  i n d e x  o f  
medium i n  w h ic h  t h e  s u r f a c e  i s  im m e rs e d .  F o r  p r a c t i c a l  
p u r p o s e s  t h e  R a t i o  !^ = R c a l l e d  t h e  P r o f i l e  c o n s t a n t  f o r  
e a c h  o b j e c t i v e  i s  o b t a i n e d  b y  an e m p i r i c a l  c a l i b r a t i o n  i n  
c o m p a r i s o n  v j i t h  i n t  e r f  e r o m e t r i  c o b s e r v a t i o n s .  I n  t h e  c a s e  
o f  o i l  im m e r s io n  2 mm. o b j e c t i v e  z; b y  c o i n c i d e n c e  R = 1 
so  t h a t  t h e  l i n e a r  m a g n i f i c a t i o n  i s  e q u a l  t o  P r o f i l e  
m a g n i f i c a t i o n .
F i g u r e  45 shows one  o f  t h e  t y p i c a l  m u l t i p l e  l i g h t  
p r o f i l e  m i c r o g r a p h  o n  a c l e a v a g e  f a c e  o f  a d ia m o n d .  I n  
t h i s  c a s e  R = 0 . 5 6 .
An a d d i t i o n a l  a d v a n t a g e  o f  t h i s  t e c h n i q u e  i s  t h a t  
t h e  d i r e c t i o n  o f  t h e  s t e p  o r  t h e  d e p r e s s i o n  o r  e l e v a t i o n  
on a s u r f a c e  f e a t u r e  c a n  a t  o n c e  be d e t e c t e d  f ro m  t h e  d i r e c t ­
i o n  o f  d i s p l a c e m e n t  o f  t h e  p r o f i l e  l i n e .  By u s i n g  a num ber  
o f  p a r a l l e l  p r o f i l e  l i n e s  i n s t e a d  o f  one l i n e ^ o n e  ca n  g e t  
m u l t i p l e  p r o f i l e  p i c t u r e  w h i c h  can  h e l p  t o  s t u d y  a l a r g e  
a r e a  a t  one  t i m e .  The m a g n i f i c a t i o n  i n  a n y  c a s e  c a n  n o t  be  
f o r c e d  up  b e y o n d  t h e  Abbe c r i t e r i o n  and  i n  t h i s  c a s e  i s  a b o u t  
XlOOO. The a c c u r a c y  o f  t h e  m e a s u r e m e n t  i s  o f  t h e  o r d e r  o f  
1000 A when o i l  im m e r s io n  o b j e c t i v e  i s  u s e d  and  so t h i s  
t e c h n i q u e  i s  s u i t e d  f o r  v e r y  c o a r s e  s u r f a c e s .
 ^ /
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CHAPTER 5 
OPTICAL GONIODÆSTRY
I n  t h e  c o u r s e  o f  s t u d y  on  e t c h  phenom ena  
d e s c r i b e d  i n  P a r t  IV o f  t h i s  T h e s i s  i t  was n o t i c e d  
t h a t  new c r y s t a l l o g r a p h i c  p l a n e s  d e v e l o p e d  on  t h e  c r y s t a l  
a s  t h e  e t c h i n g  ad v a n ce d ^  T h e s e  p l a n e s  w e re  n o t  v i s i b l e  
b y  o r d i n a r y  m e a n s .  The s u r f a c e s  w ere  v e r y  p l a n e  and  g a v e  
v e r y  g o o d  r e f l e c t i o n s .  The b e s t  way t o  i d e n t i f y  t h e s e  
n e w ly  d e v e l o p e d  p l a n e s  was to  u s e  a g o n i o m e t e r  and 
d e t e r m i n e  t h e  i n t e r f a c i a l  a n g l e s .  The p l a n e s  t h a t  w e re  
r e v e a l e d  a r e  t h e  o n e s  f ro m  t h e  f i g u r e  4 8 a  i n  P a r t  IV.
A v e r y  o l d  F u e s s  two c i r c l e  g o n i o m e t e r  v/as u s e d  t o  m e a s u r e  
t h e  i n t e r f a c i a l  a n g l e s  b e t w e e n  t h e  p r o m i n e n t  p l a n e s  
g i v i n g  s h a r p  r e f l e c t i o n s ,  S t e r e o g r a p h i c  p r o j e c t i o n  was 
p l o t t e d  e a c h  t i m e  f o r  t h e  s e t  o f  o b s e r v a t i o n s  r e c o r d e d  
an d  b y  u s i n g  a s t e r e o g r a p h i c  n e t  o r  W u l f f  n e t  t h e  i n t e r -  
f a c i a l  a n g l e s  e v a l u a t e d .  From t h e  known v a l u e s  o f  a n g l e s  
f o r  c u b i c  c r y s t a l s  t h e  p l a n e s  w ere  i d e n t i f i e d  t o  be 
t h e  c r y s t a l l o g r a p h i c  p l a n e s .  I n  t h e  c a s e  o f  one c r y s t a l  
t h e  p l a n e s  o b s e r v e d  w e r e , m o s t  p r o m i n e n t  ( 2 2 1 ) ,  ( 1 2 2 ) ,
( 2 1 2 )  and  l e s s  p r o m i n e n t  ( 3 3 1 ) ,  ( 3 1 3 ) ,  ( 1 3 3 ) .  The l e s s  
p r o m i n e n t  p l a n e s  a p p e a r e d  to  a p p r o x i m a t e  to  (3 3 4 )  &c. 
a s  t h e  e t c h i n g  a d v a n c e d .
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I n  t l ie  c a s e  o f  t h e  o t h e r  c r y s t a l  t h e  p r o m i n e n t  
p l a n e s  w ere  o n l y  ( 2 2 1 ) ,  ( 2 1 2 ) ,  ( 1 2 2 )  w h ic h  w e re  
c o m p l e t e l y  d e s t r o y e d  when t h e  t e m p e r a t u r e  o f  e t c h i n g  
was r a i s e d  t o  8 0 0 ° 0 . The m e th o d  o f  p r e p a r i n g  a s t e r e o -  
g r a p h i c  p r o j e c t i o n  i s  g i v e n  h e lo v / ;
S t e r e o g r a p h i c  P r o j e c t i o n
I f  f ro m  a n y  p o i n t  i n s i d e  a c r y s t a l  s t r a i g h t  l i n e s  
a r e  d raw n  p e r p e n d i c u l a r  t o  e a c h  s i d e  o f  i t s  f a c e ,  t h e s e  
l i n e s  w i l l  c u t  a s p h e r e  d e s c r i b e d  a b o u t  t h e  c r y s t a l  
w i t h  i t s  c e n t r e  a t  t h e  o r i g i n  o f  n o r m a l s  i n  p o i n t s  c a l l e d  
t h e  P o l e s .  The s p h e r e  g i v e s  t h e  s p h e r i c a l  p r o j e c t i o n  
i n  t h r e e  d i m e n s i o n s .  F o r  s i m p l i f y i n g  t h e  p r o j e c t i o n  i n  
tY/o d i m e n s i o n s  t h e  p l a n e  o f  t h e  p a p e r  i s  c o n s i d e r e d  
a s  p a s s i n g  h o r i z o n t a l l y  t h r o u g h  t h e  c e n t r e  o f  t h e  s p h e r e  
i . e . ,  t h e  e q u i t o r i a l  p l a n e .  The g r e a t  c i r c l e  i n  w h ic h  
t h i s  p l a n e  i n t e r s e c t s  t h e  s p h e r e  i s  known a s  t h e  
p r i m i t i v e  c i r c l e .  E ach  p o l e  i n  t h e  s p h e r e  i s  p r o j e c t e d  
on  to  t h e  p l a n e  o f  t h e  p a p e r  b y  j o i n i n g  i t  to  t h e  l o w e s t  
p o i n t  ( t h e  S o u th  p o l e )  o f  t h e  s p h e r e  a n d  i s  m a rk e d  b y  a 
s m a l l  d o t  on  th e  p a p e r  a t  t h e  p o i n t  o f  i n t e r s e c t i o n  o f  
t h i s  l i n e  w i t h  t h e  p l a n e .  The u p p e r  h a l f  o f  t h e  c r y s t a l  
i s  p r o j e c t e d  a s  a s e r i e s  o f  p o i n t s  l y i n g  i n  t h e  p r i m i t i v e  
c i r c l e  ( t h e  s e c t i o n  o f  t h e  e q u i t o r i a l  p l a n e )  a n d  th e  loY^er 
h a l f  o f  t h e  c r y s t a l  i s  p r o j e c t e d  b y  j o i n i n g  t h e  p o l e s  
u p w a rd s  t o  t h e  N o r t h  p o l e ,  i . e . ,  t h e  p o i n t  d i a m e t r i c a l l y
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o p p o s i t e  t o  t h e  p r e v i o u s  o n e .  The p o i n t s  o f  i n t e r s e c t i o n  
a r e  m a rk e d  by  an o p e n  c i r c l e  t o  i n d i c a t e  t h a t  t h e y  a r e  
th e  p r o j e c t i o n s  o f  t h e  l o w e r  h a l f .  T h i s  i s  c a l l e d  a 
s t e r e o g r a p h i c  p r o j e c t i o n .
I n  t h e  f i g u r e  14 B a n d  B' a r e  t h e  p r o j e c t i o n  o f  
p o l e s  A and  K o n  t h e  s p h e r e .
The a n g l e  b e tv m e n  a n y  two p l a n e s  c a n  b e  r e a d  b y  
t h e  s t e r e o g r a p h i c  n e t  o r  WiD-ff n e t  b y  b r i n g i n g  t h e  
c o r r e s p o n d i n g  p o i n t s  on  t h e  same m e r i d i a n  and  c o u n t i n g  
t h e  d i f f e r e n c e  i n  l a t i t u d e .  Any two p o i n t s  c a n  b e  made 
t o  l i e  i n  t h e  same m e r i d i a n  b y  r o t a t i n g  t h e  n e t  a b o u t  t h e  
c e n t r e .  The s t e r e o g r a p h i c  n e t  i s  a s c a l e  o b t a i n e d  b y  
p r o j e c t i o n  o f  l a t i t u d e  and  l o n g i t u d e s  o v e r  t h e  s p h e r e ,  
on  to  t h e  h o r i z o n t a l  p l a n e .
V a r i o u s  t e x t - b o o k s  by  P h i l l i p s  ( 1 9 4 6 ) ,  B a r r e t
( 1 9 5 2 ) ,  T u t t o n  ( 1 9 2 2 ) ,  Dana ( 1 9 4 8 )  and  o t h e r  o r i g i n a l  
p u b l i c a t i o n s  b y  P e n f i e l d  ( I 9 0 I ) ,  W r i g h t  ( 1 9 3 0 )  an d  o t h e r s  
h a v e  d e s c r i b e d  t h e  u s e s  a n d  p r o p e r t i e s  o f  s t e r e o g r a p h i c  
p r o j e c t i o n s .  The i m p o r t a n t  p r o p e r t i e s  a r e  s u m m a r i s e d  
be low  ;
(1 )  S m a l l  c i r c l e s  i n  s p h e r e  a p p e a r  a s  c i r c l e s  
on  t h e  p r o j e c t i o n ,  h o w e v e r ,  t h e  c e n t r e s  o f  t h e s e  c i r c l e s  
w i l l  n o t  p r o j e c t  t o  t h e  c e n t r e s  o f  t h e  a r e a  o f  t h e  
p r o j e c t e d  c i r c l e  b u t  w i l l  b e  d i s p l a c e d  r a d i a l l y  b y  an  
am ount s u f f i c i e n t  t o  c o r r e s p o n d  t o  e q u a l  a n g u l a r  d i s t a n c e
40.
f ro m  th e  c e n t r e  to  a l l  p o i n t s  on  t h e  c i r c u m f e r e n c e .
( 2 )  G r e a t  c i r c l e s  on  s p h e r e  a p p e a r  on  th e  
p r o j e c t i o n  a s  c i r c l e s  c u t t i n g  t h e  b a s i c  c i r c l e  a t  two 
d i a m e t r i c a l l y  o p p o s i t e  p o i n t s ,  a  g r e a t  c i r c l e  l y i n g  i n  
a p l a n e  p e r p e n d i c u l a r  t o  p r o j e c t i o n  p l a n e  b eco m es  
d i a m e t e r  on  t h e  p r o j e c t i o n ,  w h i l e  g r e a t  c i r c l e s  i n  
i n c l i n e d  p o s i t i o n s  o n  t h e  s p h e r e  may be made t o  c o i n c i d e  
w i t h  o n e  o f  t h e  m e r i d i ^ m s  o f  t h e  W u l f f  n e t .
( 3 )  A n g l e s  b e t w e e n  two p o i n t s  a r e  m e a s u r a b l e  and  
may b e  r e a d  o f f  a s  d i f f e r e n c e  i n  l a t i t u d e  o n  t h e  n e t  
r o t a t e d  so  a s  t o  g i v e  t h e  p o i n t s  t h e  same m e r i d i a n .
( 4 )  The p r o j e c t i o n  i s  a n g l e  t r u e .  The a n g l e  
b e t w e e n  th e  i n t e r s e c t i n g  p l a n e s  e q u a l s  t h e  a n g l e  a t  
w h ich  t h e  p r o j e c t i o n  o f  p l a n e s  i n t e r s e c t .
I f  a s t e r e o g r a p h i c  p r o  j . e c t i o n  i s  p r e p a r e d  w i t h  
low i n d e x  p l a n e  a s  p l a n e  o f  p r o j e c t i o n  i t  i s  c a l l e d  a 
s t a n d a r d  p r o j e c t i o n .
PART I I I
CLEAVAGE.
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CHAPTER 6 
GENERAL INTRODUCTION ON CLEAVAGE
Cleavage:
I t  i s  knovm t h a t  some o f  t h e  c r y s t a l s  s p l i t  w i t h  
g r e a t e r  e a s e  a l o n g  c e r t a i n  p l a n e s .  A c r y s t a l  i s  s a i d  
t o  b e  c l e a v e d  i f  s p l i t  t h i s  way .  From t h e  o b s e r v a t i o n s  
on  c a l c i t e  a n d  o t h e r  c r y s t a l s  Hauy ( 1 7 8 4 )  d e d u c e d  t h a t  
t h e  c o n t i n u e d  c l e a v a g e  w o u ld  u l t i m a t e l y  l e a d  t o  a s m a l l  
p o s s i b l e  u n i t  by  r e p e t i t i o n  o f  w h ic h ,  t h e  w h o le  c r y s t a l  
i s  m ade .
Dana and  F o r d  ( 1 9 4 8 )  d e f i n e  c l e a v a g e  a s  t h e  
t e n d e n c y  f o r  t h e  c r y s t a l s  to  b r e a k  i n  c e r t a i n  d e f i n i t e  
d i r e c t i o n s ,  y i e l d i n g  m ore o r  l e s s  sm ooth  s u r f a c e s .  An 
am o rp h o u s  b o d y  n e c e s s a r i l y  c a n  show no c l e a v a g e .  The 
t y p e  o f  c l e a v a g e  d e p e n d s  u p o n :  ,
( 1 )  t h e  p l a n e  a l o n g  w h ic h  i t  t a k e s  p l a c e  v i z .  
c u b i c  f o r  r o c k  s a l t ,  o c t a h e d r a l  f o r  d iam o n d ,  r h o m b o h e d r a l  
f o r  c a l c i t e  and  so on
( 2 )  t h e  e a s e  w i t h  w h ic h  i t  s p l i t s  an d  t h e  s m o o th ­
n e s s  o f  t h e  r e s u l t i n g  s u r f a c e s ,  e . g . ,  p e r f e c t  o r  e m i n e n t ,  
i m p e r f e c t ,  i n d i s t i n c t ,  d i f f i c u l t  an d  so  o n .
B re a lc in g  o f f  o f  t h e  c r y s t a l  a l o n g  any  o t h e r  
d i r e c t i o n  i s  c a l l e d  f r a c t u r e  and  so t h e  d i f f e r e n c e  b e t w e e n  
c l e a v a g e  and f r a c t u r e  i s  o n l y  o f  d e g r e e  t o  some e x t e n t .
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I f  a f r a c t u r e  y i e l d s  c u r v e d  s u r f a c e s  i t  i s  c a l l e d  
c o n c h o i d a l .
T u t t o n  ( 1 9 2 2 ) s a y s  ^ c l e a v a g e  i s  n o t  a m ere  t e n d e n c y  
to  f r a c t u r e  w i t h  p r o d u c t i o n  o f  two m ore o r  l e s s  p l a n e  
f r a c t u r e  s u r f a c e s ,  one on  e a c h  o f  t h e  two s e p a r a t e d  
f r a g m e n t s  a n d  a l o n g  an a p p r o x i m a t e l y  d e f i n i t e  d i r e c t i o n .  
C l e a v a g e  i s  much m ore t h a n  t h i s ,  n a m e ly  t h e  f a c i l i t y  
f o r  s p l i t t i n g  a l o n g  an a b s o l u t e l y  t r u e  p l a n e ,  h a v i n g  an 
o r i e n t a t i o n  w i t h i n  t h e  c r y s t a l  d e f i n i t e l y  f i x e d  to  one 
o r  two m i n u t e s  o f  a r c  an d  w h ic h  d e f i n i t e  d i r e c t i o n  i s  
i d e n t i c a l  w i t h  t h a t  o f  an i m p o r t a n t  f a c e  o f  I oyi i n d i c e s ;  
and  t h e  p l a n e  s u r f a c e s  o f  t h e  f r a c t u r e  a r e  endowed w i t h  
t h e  same h i g h  d e g r e e  o f  n a t u r a l  p o l i s h  a s  t h e  b e s t  
f o rm e d  f a c e s "
The c l e a v a g e  p l a n e s  a r e  a l w a y s  p l a n e s  o f  h i ^  
r e t i c u l a r  d e n s i t y  o f  a t o m i c  o r  m o l e c u l a r  p a c k i n g  an d  
l a r g e  i n t e r p l a n e r  s p a c i n g ,  t h e  c o h e s i o n  b e i n g  s t r o n g  
i n  t h e  p l a n e  and  weak a t  r i g h t  a n g l e s  to  t h e  p l a n e .  
C l e a v a g e  p l a n e s  h a v e  t h u s  s i m p l e  i n d i c e s  a n d  i n  f a c t  
a r e  o f t e n  p a r a l l e l  to  t h e  p r i n c i p a l  f a c e s  o f  t h e  
c r y s t a l  a s  i n  t h e  c a s e  o f  c a l c i t e .  B u t  t h i s  i s  n o t  
a lw a y s  t r u e  a s  i n  t h e  c a s e  o f  f l u o r i t e  w h ic h  n o r m a l l y  
g rcm s  i n  t h e  f o r m  o f  a cube  b u t  t h e  c l e a v a g e  i s  o c t a ­
h e d r a l  (Bunn 1 9 4 8 ) .  C l e a v a g e  a p p a r e n t l y  d e p e n d s  n o t  
o n l y  u p o n  t h e  g e o m e t r i c a l  p o s i t i o n  o f  t h e  c o n s t i t u e n t
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a to m s  b u t  a l s o  u p o n  t h e  e l e c t r i c a l  c h a r g e s .  The 
e l e c t r i c a l  f o r c e s  e x i s t i n g  b e t w e e n  d i f f e r e n t  l a y e r s  i n  
t h e  a t o m ic  s t r u c t u r e  a r e  o f  g r e a t  i m p o r t a n c e  and c l e a v a g e  
t a k e s  p l a c e  when t h e  a t t r a c t i v e  f o r c e s  a r e  minimum.
W o o s te r  ( 1 9 3 2 )  f ro m  t h e  known c l e a v a g e s  h a s  g i v e n  
e m p i r i c a l  l a w s  c o r r e l a t i n g  c l e a v a g e  w i t h  s t r u c t u r e  w h ic h  
ca n  b e  s u m m a r i s e d  a s  be low :
F o r  h o m o p o la r  c r y s t a l s  v i z .  c r y s t a l s  w i t h  
c o m p o n e n ts  e l e c t r i c a l l y  n e u t r a l  a s  a g a i n s t  i o n i c  c r y s t a l s  
w h e re  t h e  c o m p o n e n ts  a r e  e l e c t r i c a l l y  c h a r g e d  t h e  r u l e s  
a r e :
( 1 )  N e t  p l a n e s  e x p o s e d  b y  c l e a v a g e  c o n t a i n  w h o le  
m o l e c u l e s
( 2 )  The d i s t a n c e  b e t w e e n  n e i g h b o u r i n g  a to m  l a y e r s  
p a r a l l e l  t o  c l e a v a g e  i s  l a r g e s t  w h ic h  f u l l f i l l s  c o n d i t i o n
(1 )  i n  t h e  c a s e  o f  c r y s t a l s  w i t h  e q u a l  b o n d s  t h r o u g h o u t , 
e . g . ,  d iam ond  h a s  (1 1 1 )  a s  t h e  c l e a v a g e  p l a n e  and  z i n c  
s u l f i d e  h a s  ( 1 1 0 )  a s  t h e  c l e a v a g e  p l a n e .
F o r  h o m o p o la r  c r y s t a l s  w i t h  u n e q u a l  b o n d s  t h e  
s h o r t e s t  b o n d s  a r e  n e v e r  b r o k e n  b y  c l e a v a g e ,  e . g . ,  
g r a p h i t e ,  m o l y b d e n i t e  w i t h  l a y e r  l a t t i c e  s t r u c t u r e s .
F o r  I o n i c  c r y s t a l s  t h e  r u l e s  a r e  s l i g h t l y  d i f f e r e n t  
I n  c a s e  o f  com pounds o f  t h e  t y p e  A X t h e  c l e a v a g e  i s  c u b i c  
l i k e  r o c k  s a l t  o r  c a e s i u m  c h l o r i d e .
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I n  c a s e  o f  i o n i c  com pounds w i t h  m ore  co m p lex  
f o r m u l a  b u t  h a v i n g  no r a d i c a l s  t h e  r u l e s  a r e ;
(1 )  The n e t  p l a n e s  e x p o s e d  b y  c l e a v a g e  c o n s i s t  
o f  l a r g e  a n i o n s
( 2 )  The c l e a v a g e  w i l l  s e p a r a t e  t h e s e  n e t  p l a n e s  
o f  a n i o n s  w h i c h  a r e  f u r t h e s t  a p a r t  ( e . g . ,  F l u o r i t e ,  
c l e a v a g e  p l a n e  (1 1 1 )
I n  i o n i c  compounds h a v i n g  r a d i c a l s , t h e  r u l e s  
a r e  a s  f o l l o w s ;
( 1 )  The c l e a v a g e  l e a v e s  t h e  r a d i c a l s  i n t a c t
( 2 )  I n  g e n e r a l  t h e  c l e a v a g e  e x p o s e s  a n i o n s  o n l y  
b u t  w h e re  no s u c h  p l a n e s  e x i s t  l a r g e  c a t i o n s  may be 
p r e s e n t  a l s o
( 3 )  Yfhere t h e r e  a r e  s e v e r a l  c l e a v a g e s  p o s s i b l e  
two c a s e s  a r i s e  :
( a )  I f  t h e  d i s t a n c e  b e t w e e n  t h e  a n i o n s  i n  
d i f f e r e n t  p l a n e s  i s  v e r y  d i f f e r e n t  o n l y  c l e a v a g e s  
c o r r e s p o n d i n g  t o  g r e a t e r  d i s t a n c e  w i l l  o c c u r  ( b )  i f  
t h e  d i s t a n c e s  a r e  n e a r l y  t h e  same t h e y  w i l l  a l l  b e  
c l e a v a g e  p l a n e s .
C a l c i t e  i l l u s t r a t e s  r u l e s  ( 1 ) ,  ( 2 ) ,  3 ( a ) .
B a r iu m  s u l p h a t e  h a s  t h r e e  c l e a v a g e  p l a n e s  ( 0 0 1 ) , ( l l O ) ,  
(010) .
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  q u a r t z  w h ic h  i s  
b u i l t  o f  s i l i c o n  t e t r a h e d r o n  s h a r i n g  o x y g e n  h a s  no
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c l e a v a g e  b e c a u s e  o f  t h e  f a c t  t h a t  no p l a n e  ca n  be f o u n d  
w h ich  w o u ld  n o t  b r e a k  t h e  r a d i c a l s .
The m e c h a n i s m  o f  c l e a v a g e  was f i r s t  w o rk e d  o u t  b y  
Z w icky  ( 1 9 2 3 ) f o r  r o c k  s a l t .  He c a l c u l a t e d  t h e  maximum 
s t r e s s  f o r  i n c r e a s i n g  s t r a i n  w h ich  i s  t e n s i l e  s t r e n g t h  
o f  l a t t i c e  f ro m  t h e  known law  o f  f o r c e  b e t w e e n  p a r t i c l e s  
o f  a l a t t i c e  and  o b t a i n e d  t h e o r e t i c a l  s t r e n g t h  o f  
20000 k g /c m ^  v /h ich  i s  a b o u t  1000 t i m e s  l a r g e r  t h a n  t h e  
a c t u a l  o b s e r v e d  s t r e n g t h .  A n o t h e r  c a l c u l a t i o n  b y  P o l a n y i  
( 1 9 2 2 ) f ro m  c o n s i d e r a t i o n  o f  s u r f a c e  e n e r g y  came to  t h e  
same r e s u l t .  The d i s c r e p a n c y  c a n  be e x p l a i n e d  a s  p o i n t e d  
o u t  ( 0 rowan 1934)  e i t h e r  b y  t h e  c o n s i d e r a t i o n  o f  G r i f f i t h s  
c r a c k s  i n  w h ic h  t h e  r u p t u r e  d o e s  n o t  t a k e  p l a c e  
s i m u l t a n e o u s l y  o v e r  t h e  w h o le  c r o s s  s e c t i o n  o f  t h e  body  
b u t  s t a r t s  f ro m  a c r a c k  o r  o t h e r  i n h o m o g e n e i t y  and  e x t e n d s  
g r a d u a l l y ,  o r ,  b y  t h e  c o n s i d e r a t i o n  o f  v a r i o u s  s e c o n d a i y  
s t r u c t u r e ,  b l o c k  s t r u c t u r e  h y p o t h e s e s  and  i m p e r f e c t i o n s .
W o o s te r  (1 9 4 9 )  h a s  p o i n t e d  o u t  t h a t  when s t r e s s  i s  
s u i t a b l y  a p p l i e d  t o  c r y s t a l s  w i t h  c l e a v a g e ,  f r a c t u r e  t e n d s  
t o  t a k e  p l a c e  on  t h e  c l e a v a g e  p l a n e  and  i t  i s  f o u n d  t h a t  
s t r e s s  p e r  u n i t  a r e a  n o rm a l  t o  t h e  c l e a v a g e  p l a n e  w hich
m u s t  b e  a p p l i e d  to  p r o d u c e  c l e a v a g e  i s  a c h a r a c t e r i s t i c  
c o n s t a n t  f o r  t h e  s u b s t a n c e .  T h i s  i s  S o h n c k e » s  l a w .
I f  z i s  t o t a l  s t r e s s  p e r  u n i t  a r e a  a l o n g  a r o d  and  X i s
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t h e  i n c l i n a t i o n  o f  t h e  c l e a v a g e  p l a n e  to  t h e  a x i s ,  
t h e  s t r e s s  p e r  u n i t  a r e a  o f  c l e a v a g e  p l a n e  i n  t h e  
d i r e c t i o n  o f  r o d  i s  Z • X. The com p o n en t  o f  t h i s  
n o rm a l  to  t h e  c l e a v a g e  p l a n e  i s  Z ' Ai/yf' X. I f  
i s  t h e  c r i t i c a l  n o rm a l  s t r e s s  and
a c c o r d i n g  t o  S ohnc lce ’ s law  i s  c o n s t a n t  f o r  a 
p a r t i c u l a r  s u b s t a n c e .  R am aseshan  (1 9 4 6 )  c a l c u l a t e d  
e n e r g y  o f  c l e a v a g e  a l o n g  d i f f e r e n t  p l a n e s  f o r  d iam ond  
a s s u m i n g  i t  t o  be  e q u a l  t o  t h e  e n e r g y  r e q u i r e d  t o  r u p t u r e  
t h e  b o n d s  and  show ed  (1 1 1 )  p l a n e  t o  b e  t h e  p l a n e  f o r  
e a s y  c l e a v a g e .
Optical Studies of Cleavages.
The c l e a v a g e  s u r f a c e s  o f  d i f f e r e n t  c r y s t a l s  h a v e  
b e e n  s t u d i e d  o p t i c a l l y  by  Z a p f f e  and Worden (1 9 4 9 )  a s  
f r a c t o g r a p h y  and  b y  T o l a n s k y  ( 1 9 4 6 ) ,  T o l a n s k y  and 
K ham sav i  ( 1 9 4 7 ) ,  A m e l in c x  ( 1 9 5 1 ) ,  Ram s e sh an (1 9 4 6 )
B a i l l y  ( 1 9 5 0 ) ,  M r s . W i l k s  ( 1 9 5 2 ) ,  C u s t e r s  ( 1 9 5 1 ) ,  K o e h l e r
( 1 9 5 3 ) .  Z a p f f e  c o n c l u d e d  t h a t  t h e r e  a r e  two t y p e s  o f  
p a t t e r n s  on  t h e  s u r f a c e ,  t h e  t y p e  (1 )  i n t r i n s i c  t o  t h e  
c r y s t a l  and  t h e  t y p e  (2 )  i n t r i n s i c  to  t h e  s y s t e m  o f  
s t r e s s e s  p r o d u c i n g  c l e a v a g e  known a s  h a c k l e  s t r u c t u r e .
The h a c k l e  p a t t e r n  i s  p r e d o m i n a n t  i n  c r y s t a l s  o f  low 
sy m m etry  w h e r e a s  t h e  t y p e  ( 1 )  p a t t e r n s  a r e  p r e d o m i n a n t  
i n  c r y s t a l s  o f  h i g h  sy m m etry  and  w e l l  d e v e l o p e d
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d i r e c t i o n a l l y .  They d i s c l o s e  a g e n e r a l  a r c h i t e c t u r e  
b y  w h ic h  t h e  p a r t i c u l a r  c r y s t a l  c a n  u s u a l l y  b e  r e a d i l y  
d i s t i n g u i s h e d  an d  t h e  i m p e r f e c t i o n  i n  s t r u c t u r e  can  
a l s o  b e  known. The ty p e  ( 1 )  p a t t e r n  h a s  shown f ro m  
c h e m ic a l  c r y s t a l s  d i r e c t  e v i d e n c e  o f  m o s a i c  an d  l a m e l l a r  
c o n s t i t u t i o n .  C u s t e r s  (1 9 5 1 )  f ro m  h i s  s t u d y  o f  n a t u r a l  
c l e a v a g e  f a c e  o f  type  ( I I )  d iam ond  h a s  a l s o  g i v e n  
e x p l a n a t i o n  f o r  l a m e l l a r  s t r u c t u r e  on  t h e  l i n e s  o f  
c l e a v a g e  l i n e s  b e l o n g i n g  to  t y p e  ( 1 ) p a t t e r n  r e f e r r e d  to  
a b o v e .  The i n t e r f e r o m e t r i c  s t u d y  b y  T o l a n s k y  and
o t h e r s  show t h e  c l e a v a g e  s t e p s  to  be m u l t i p l e s  o f  X - r a y
u n i t  c e l l  o f  t h e  c r y s t a l  e x a m in e d  an d  t h a t  s t e p  h e i g h t  
i s  c o n s t a n t  a l o n g  a c l e a v a g e  l i n e .
T o l a n s k y  and K h am sav i  ( 1 9 4 8 )  h a v e  shown t h e  
p o s s i b i l i t y  o f  t h e  e x i s t e n c e  o f  m o s a i c  b l o c k  s t r u c t u r e  
an d  s t e p s  o c c u r r i n g  due to  ch a n g e  o f  c l e a v a g e  f ro m  
b o u n d a r y  o f  one  s i n g l e  c r y s t a l  t o  n e x t ,  an d  A m e l in c x
( 1 9 5 1 ) f ro m  s t u d y  on  r o c k  s a l t  c l e a v a g e  s u g g e s t s
t h a t  c l e a v a g e  b e g i n s  i n  a p l a n e  w h ere  d i s l o c a t i o n  con­
c e n t r a t i o n  i s  l a r g e s t  a n d  p r o c e e d s  u n t i l  i t  r e a c h e s  some 
o t h e r  p l a n e  c o n t a i n i n g  h i g h e r  c o n c e n t r a t i o n  o f  d i s l o c a t i o n s .  
C l e a v a g e  t h e n  jumps i n  t o  t h e  new p l a n e  and  p r o c e e d s  a l o n g  
t h i s  p l a n e .  The p r o c e s s  i s  r e p e a t e d  and  s t e p s  a r e  
p r o d u c e d .  T h i s  a c c o u n t s  f o r  s m a l l e r  s t e p s .  The b i g g e r
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s t e p s  a r e  due t o  t h e  e x i s t e n c e  o f  i n n e r  c r a c k s  o r  
b o u n d a r i e s  o f  s e p a r a t e  b l o c k s  w h ic h  b u i l d  up  a c o a r s e  
m o s a i c  s t r u c t u r e  o f  t h e  c r y s t a l .
The d e t a i l e d  d i s c u s s i o n  o f  t h e  c r y s t a l s  s t u d i e d  
i n  t h i s  work w i l l  b e  t a k e n  up  i n  t h e i r  r e s p e c t i v e  c h a p t e r s .
I n  a l l  t h e s e  o b s e r v a t i o n s  by  t h e  p r e v i o u s  w o r k e r s  
t h e  s u r f a c e s  o b s e r v e d  w e re  n a t u r a l  o r  a r t i f i c i a l  c l e a v a g e  
f a c e s  a n d  o n l y  one  o f  t h e  f a c e s  o b t a i n e d  b y  c l e a v i n g  a 
c r y s t a l  was e x a m in e d .  I n  t h e  p r e s e n t  work a new a p p r o a c h  
to  t h e  s t u d y  o f  c l e a v a g e  m e c h a n ism  was m ade .  A c r y s t a l  
was f i r s t  c l e a v e d  and  t h e  two r e s u l t i n g  s u r f a c e s  w e re  
e x a m in e d  v e r y  c r i t i c a l l y .  The s u r f a c e s  w e re  e x a m in e d  b y  
u s i n g  th e  t e c h n i q u e s  o f  m u l t i p l e  beam i n t e r f e r o m e t r y  
and  t h e  l i g h t  p r o f i l e  m i c r o s c o p y  d e s c r i b e d  i n  P a r t  I I .
The c o u n t e r p a r t s  o b t a i n e d  on  c l e a v i n g  a c r y s t a l  w e re  
c o m p are d  to  s e e  i f  t h e  m a t c h i n g  was e x a c t .  The c l e a v a g e s ,  
i f  p e r f e c t ,  s h o u l d  show a p e r f e c t  a g r e e m e n t  i n  a l l  f e a t u r e s  
and  t h e  s t e p  h e i g h t s  s h o u l d  a l s o  a g r e e  a t  t h e  c o r r e s p o n d ­
i n g  p l a c e s  (v\/ith n e g a t i v e  r e v e r s a l ) .  I t  h a s  a l s o  b e e n  
t a k e n  f o r  g r a n t e d  t h a t  t h e  m a t c h i n g  i s  p e r f e c t  and  no 
a t t e m p t  i s  known t o  h a v e  b e e n  made to  v e r i f y  t h i s .
The f a c t  a b o u t  t h e  d i f f e r e n c e  i n  q u a l i t y  o f  t h e  c l e a v a g e s  
f o r  t h e  two t y p e s  o f  d iam ond  e s t a b l i s h e d  b y  W i lk s  (1 9 5 2 )  
s u g g e s t e d  t h a t  i n  t h e  c a s e  o f  d iamond p e r f e c t  m a t c h i n g
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may n o t  be t a k i n g  p l a c e .  The c l e a v a g e s  o f  o t h e r  c r y s t a l s  
w e re  t h e r e f o r e  m a t c h e d  a l o n g  w i t h  t h o s e  o f  d iam o n d  o f  b o t h  
t h e  t y p e s  so a s  to  be a b l e  to  com pare  t h e  c l e a v a g e  m e ch an ism  
i n  them .
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CHAPTER 7 
CLEAVAGE OF TOPAZ
T o p a z ,  ( A l F ) 2S i 0 4  i s  one  o f  t h e  h a r d  c r y s t a l s  w i t h  
h a r d n e s s  8 on  M o h s ' s  s c a l e .  I t  i s  known t o  h a v e  a p e r f e c t  
b a s a l  c l e a v a g e ,  i . e . ,  ( 0 0 1 )  p l a n e .  I t s  r e s i s t a n c e  to  
o r d i n a r y  c h e m i c a l s , a l l o w s  i t  t o  be c l e a n e d  w i t h  s o a p  an d  
w a t e r  an d  h y d r o g e n  p e r o x i d e .  I t  can  t h e n  b e  r u b b e d  w i t h  
c o t t o n  w o o l .  The same c r y s t a l  c a n  be s t u d i e d  o v e r  a g a i n ,  
t h i s  i s  an a d d i t i o n a l  a d v a n t a g e  due t o  i t s  h a r d n e s s .
A d e t a i l e d  s t u d y  o f  t h e  c l e a v a g e  o f  t o p a z  was 
u n d e  r t  ale e n  two y e a r s  ago a s  i t  w as  one  o f  t h e  c r y s t a l s  n o t  
s t u d i e d  b e f o r e ,  b y  m u l t i p l e  beam i n t e r f e r o m e t r y . K o e h l e r  
an d  E b e y s t e i n  (1 9 5 3 )  h a v e  r e c e n t l y  p u b l i s h e d  p r e c i s i o n  
m e a s u r e m e n t s  on  c l e a v a g e  o f  t o p a z  u s i n g  t h e  f r i n g e s  o f  e q u a l  
c h r o m a t i c  o r d e r .  I n  t h e  p r e s e n t  work  c l e a v a g e s  o f  two 
d i f f e r e n t  c r y s t a l s  A a n d  B f ro m  M.G. d i s t r i c t  o f  B r a z i l  
w ere  s t u d i e d .  One o f  them A, was c l e a v e d  b y  a p r o f e s s i o n a l  
d iam o n d  c l e a v e r  a n d  t h e  o t h e r  B, was c l e a v e d  i n  t h e  
l a b o r a t o r y  w i t h  a s h a r p  b lo w  o f  a hammer.  The two s u r f a c e s  
o b t a i n e d  on  c l e a v i n g  a c r y s t a l ,  e x c e p t  when f r e s h l y  c l e a v e d ,  
w e re  c l e a n e d  i n  t h e  u s u a l  way an d  s i l v e r e d .  They  w e r e  t h e n
e x a m in e d  b y  m i c r o s c o p e  a n d  a l s o  m a tc h e d  a g a i n s t  an o p t i c a l  
f l a t  f o r  i n t e r f e r o m e t r i c  s t u d y .  I n  t h e  c a s e  o f  t o p a z  t h e  
m i c r o - f l a t  t e c h n i o u e  d e s c r i b e d  i n  P a r t  I I  C h a p t e r  (1 )  was
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r e q u i r e d  to  be u s e d  a s  t h e  s u r f a c e  was v e r y  r o u g h .  A f t e r  
a s t u d y  o f  a s i n g l e  f a c e  a c a r e f u l  c o m p a r i s o n  w i t h  t h e  
c o r r e s p o n d i n g  a r e a  o f  t h e  c o u n t e r p a r t  was m ade .  S t e p  
h e i g h t s  on  a c l e a v a g e  l i n e  w e r e  d e t e r m i n e d  f ro m  t h e  F i z e a u  
f r i n g e s  f o r  g e n e r a l  m a t c h i n g  o f  t h e  two c o u n t e r p a r t s  and  
t h e  f r i n g e s  o f  e q u a l  c h r o m a t i c  o r d e r  w e re  u s e d  f o r  d e t e r m i n ­
i n g  t h e  s t e p  h e i g h t s  a t  s p e c i f i c  p o i n t s .  The o b s e r v a t i o n s  
a r e  d e s c r i b e d  b e lo w  i n  two s e c t i o n s .
(1 )  O b s e r v a t i o n s  f ro m  one  c l e a v a g e  f a c e ,  e a c h ,  o f  
t h e  two c r y s t a l s  A a n d  B ;
The t o p a z  c l e a v a g e  e x h i b i t  t h r e e  d i s t i n c t i v e  
c h a r a c t e r i s t i c s
( i )  A r e a s  w ere  f o u n d  i n  w h ic h  no c l e a v a g e  l i n e s  g i v i n g  
s t e p s  a t  a l l  a p p e a r ,  and  a s  f a r  a s  t h e  a c c u r a c y  o f  m e a s u r e ­
m e n t s  c a n  go i t  c a n  be s a i d  t h a t  t h e  a r e a s  w e re  p r o b a b l y  
t r u e  p l a n e s  to  w i t h i n  c l o s e l y  m o l e c u l a r  d i m e n s i o n s .  The 
l a r g e s t  s u c h  a r e a  was 9 sq.mm. F i g u r e  15 shows t h e  
i n t e r f e r o g r a m  o v e r  one s u c h  a r e a  on  c r y s t a l  A. The f r i n g e s  
a r e  q u i t e  sm o o th  i n  h i g h  d i s p e r s i o n  an d  h e n c e  t h e  c o n c l u s i o n  
( t h e  c i r c u l a r  m a r k i n g s  a r e  t h e  g r i n d i n g  m a rk s  o n  t h e  b a c k  
s u r f a c e  o f  t h e  m i c r o - f l a t ) .  T h i s  a r e a  was a l s o  e x a m in e d
u n d e r  p h a s e  c o n t r a s t  m i c r o s c o p e  t o  c o n f i r m  t h e  above
c o n c l u s i o n .
( i i )  L i n e a r  c l e a v a g e  s t e p  o f t e n  c u r v e d ,  o c c u r  and t h e  f r i n g e s
n-Q. 15-
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b e t w e e n  them  a r e  so u n i f o r m  t h a t  i t  i s  p r o b a b l e  t h a t  t h e s e  
r e g i o n s  t o o  a r e  v e r y  p l a n e .  F i g u r e  16 g i v e s  i n t e r f e r o g r a m  
o v e r  an a r e a  o f  c r y s t a l  B w h e re  t h e  c l e a v a g e  l i n e s  a r e  
q u i t e  c ro w d e d .  The s t e p  h e i g h t s  a l o n g  one l i n e  a r e  p l o t t e d  
a g a i n s t  t h e  d i s t a n c e  i n  t h e  c u r v e  shown i n  f i g u r e  1 7 .  The 
s t e p s  a r e  f a i r l y  u n i f o r m .  F i g u r e  18 shows t h e  v a r i a t i o n s  
o f  s t e p  h e i g h t  a c r o s s  t h e  c l e a v a g e  l i n e s ,  i . e . ,  t h e  p r o f i l e  
a l o n g  a l i n e  a c r o s s  t h e  c l e a v a g e  l i n e s .  The s t e p s  a r e  n o t  
c o n s t a n t  o r  u n i f o r m .  They  a r e  n o t  i n  t h e  same d i r e c t i o n  
an d  n o t  a t  t h e  same i n t e r v a l s  e i t h e r .  The c l e a v a g e  l i n e s  
e n c l o s e  s t e p s  o f  v a r y i n g  w i d t h s .  The s t e p  h e i g h t s  v a r y  
f ro m  56  t o  1200 A b u t  an  a c c u r a c y  o f  + 25 A i s  o n l y  c l a i m e d  
i n  t h e  F i z e a u  f r i n g e s  a n d  so  i t  i s  d i f f i c u l t  t o  s a y  w i t h  
c e r t a i n t y  t h a t  t h e  s t e p s  a r e  e x a c t  i n t e g r a l  m u l t i p l e s  o f  
X - r a y  u n i t  c e l l  d i m e n s i o n  i n  d i r e c t i o n  p e r p e n d i c u l a r  t o  
t h e  c l e a v a g e  p l a n e .  The X - r a y  u n i t  c e l l  i s  8 . 7 8  A and 
K o e h l e r  a n d  E b e r s t ^ i n  (1 9 5 3 )  c l a i m  an a c c u r a c y  o f  + 1 . 2  A 
w i t h  m e a s u r e m e n t s  on  f r i n g e s  o f  e q u a l  c h r o m a t i c  o r d e r  and  
c o n f i r m  t h e  s t e p  h e i g h t s  t o  be i n t e g r a l  m u l t i p l e s  o f  t h i s  
u n i t .
( i i i )  The c l e a v a g e  l i n e s  a t  t i m e s  a r e  s e e n  to  t e r m i n a t e  
i n  t h e  s u r f a c e  a s  c a n  be s e e n  i n  t h e  f i g u r e s  19 and  24 .  
T h r e e  t y p e s  o f  s u c h  t e r m i n a t i n g  c l e a v a g e  a r e  s e e n .  I n  one
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c a s e  a g ro u p  o f  l i n e s  t e r m i n a t e  a t  p o i n t s  l y i n g  on  one 
l i n e ;  i n  a s e c o n d  t y p e  a s i n g l e  c l e a v a g e  l i n e  t e r r a i n a t e s  
a t  one  p o i n t  i n  t h e  s u r f a c e .  I n  a t h i r d  t y p e  two l i n e s  
c o n v e rg e  m ak ing  a V s h a p e  and  t e r m i n a t e .  T h i s  c o u l d  be  
a s s o c i a t e d  e i t h e r  w i t h  m o s a i c  b l o c k  s t r u c t u r e  o r  a s  t h e  
c o n s e q u e n c e  o f  a s c re w  d i s l o c a t i o n .
(2 )  O b s e r v a t i o n s  on  m a tc h e d  r e g i o n s  on  b o t h  t h e  
f a c e s  o f  t h e  c r y s t a l .
( a )  C r y s t a l  A
Q u i t e  a num ber  o f  d i f f e r e n t  m a t c h i n g  a r e a s  on  t h i s  
p a i r  w e re  o b s e r v e d  and  i n  e a c h  c a s e  t h e  m a t c h i n g  vms f o u n d  
p e r f e c t l y  w e l l .  The l i n e s  a r e  l i k e  m i r r o r  im a g es  on  t h e  
two f a c e s .  P h o t o m i c r o g r a p h s  o f  one t y p i c a l  a r e a  on  b o t h  
f a c e s  a r e  g i v e n  i n  f i g u r e s  19 ( a )  and  (b )  ( h e r e a f t e r  ( a )  
and (b )  f o r  t h e  same f i g u r e  number  w i l l  r e p r e s e n t  t h e  two 
c o r r e s p o n d i n g  a r e a s  o v e r  t h e  tvjo c l e a v e d  c o u n t e r p a r t s ) .
I n t e r f e r o g r a m s  o v e r  t h e  same a r e a s  a r e  g i v e n  i n  f i g u r e s  20 
( a )  and  ( b )  . I n  any  i n t e r f e r o g r a m  t h e  f r i n g e  d i s p e r s i o n
i s  d e t e r m i n e d  by  t h e  a n g l e  b e t w e e n  t h e  o p t i c a l  f l a t  and  th e  
s u r f a c e .  V/hile  m a k in g  c o m p a r i s o n  o f  t h e  i n t e r f  e r o g r a m s  
t h e  above  p o i n t  s h o u l d  be k e p t  i n  m in d .  An a t t e m p t  h a s  
b e e n  made to  s e c u r e  t h e  same d i s p e r s i o n  a s  n e a r l y  a s  p o s s i b l e  
i n  b o t h  t h e  i n t e r f e r o g r a m s  to  be  com pared  b u t  t h e  m e a s u r e d  
s t e p  d i s c o n t i n u i t i e s  a r e  q u i t e  i n d e p e n d e n t  o f  any  a r b i t r a r y
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W i l V i i , -
m
FvO). ^ 0
54.
d i r e c t i o n  and  d i s p e r s i o n  o f  f r i n g e s .  A lo n g  a l l  o t h e r  
c l e a v a g e  l i n e s  t h e  s t e p  h e i g h t s  o v e r  th e  two f a c e s  a r e  
i n  f a i r  a g r e e m e n t  w i t h i n  t h e  e x p e r i m e n t a l  e r r o r  h u t  i n  
t h e  c a s e  o f  c l e a v a g e s  w h ich  c o n v e r g e  and  t e r m i n a t e  i n  a 
p o i n t ,  su c h  a s  X i n  t h e  f i g u r e s  19 ( a )  and ( h )  m ak ing  V 
s h a p e ,  t h e r e  a r e  s t r i k i n g  d i f f e r e n c e s .  To t a k e  a 
p a r t i c u l a r  c a s e  t h e r e  i s  a r i d g e  oetYjeen t h e  two l i n e s  
t e r m i n a t i n g  a t  X on f a c e  ”a"  and  a d e p r e s s i o n  b e t w e e n  t h e  
c o r r e s p o n d i n g  l i n e s  on f a c e  "b"  o f  t h e  c o u n t e r p a r t  a s  
e x p e c t e d .  I n  a c t u a l  m e a s u r e m e n t ,  h o w e v e r ,  a l t h o u g h  t h e  
s t e p  i s  o f  t h e  o r d e r  o f  900 A a t  t h e  p o i n t  w here  t h e  l i n e s  
t e r m i n a t e ,  d i f f e r e n c e s  up to  200 A f o r  c o r r e s p o n d i n g  r e g i o n s  
a p p e a r .  The l e v e l  on  e i t h e r  s i d e  o f  t h i s  V s h a p e d  c l e a v a g e  
i s  t h e  same.
The h e i g h t  o f  t h e  r i d g e  i s  a c t u a l l y  more t h a n  t h e  
d e p t h  o f  t h e  d e p r e s s i o n .  T h i s  c a n  b e  s e e n  f ro m  t h e  f r i n g e s  
o f  e q u a l  c h r o m a t i c  o r d e r  t a k e n  a t  t h i s  p l a c e .  F i g u r e s  21
( a )  and  (b )  g i v e  t h e  f r i n g e s  o f  e q u a l  c h r o m a t i c  o r d e r  i n  
w h ic h  i t  c an  b e  e a s i l y  s e e n  t h a t  on  f a c e  ” a"  t h e  s h i f t  o f  
t h e  f r i n g e  i s  t o w a r d s  b l u e ,  w h ic h  means t h a t  t h e r e  i s  a 
r i d g e  o r  e l e v a t i o n  b e t w e e n  th e  c l e a v a g e  l i n e s ,  w h e r e a s  
a t  t h e  c o r r e s p o n d i n g  a r e a  on  t h e  o t h e r  f a c e  t h e  s h i f t  
i s  t o w a r d s  t h e  r e d  end  and h e n c e  t h e r e  i s  d e p r e s s i o n  a n d  t h e  
v a l u e s  o f  h e i g h t  o f  r i d g e  and  d e p t h  o f  d e p r e s s i o n  a r e  900 A
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and  700 A r e s p e c t i v e l y ,  g i v i n g  a d i f f e r e n c e  o f  200 A.
F i g u r e  22 shows t h e  r e l a t i o n  b e t w e e n  s t e p  h e i g h t s  
and d i s t a n c e  f o r  t h e  two f a c e s  a l o n g  one o f  t h e s e  l i n e s  
f ro m  t h e  e n d .  C le a v a g e  s t e p s  a l o n g  o t h e r  l i n e s  w ere  m e a su re d  
f ro m  o t h e r  i n t e r f e r o g r a m s  and two s e t s  o f  c u r v e s  a r e  p l o t t e d  
to  show t h e  a l m o s t  p o i n t  to  p o i n t  c o r r e s p o n d e n c e  ( w i t h i n  
l i m i t s )  f o r  t h e  two f a c e s  a s  shown i n  f i g u r e  2 3 .
A t  some p o i n t s  w here  t h e  e x a c t  c o r r e s p o n d e n c e  c o u l d  
be  l o c a t e d  b y  l a n d m a r k s ,  f r i n g e s  o f  e q u a l  c h r o m a t i c  o r d e r  
w ere  o b t a i n e d  and  v i s u a l  m e a s u r e m e n t s  o f  wave l e n g t h  on  t h e  
c o n s t a n t  d e v i a t i o n  s p e c t r o g r a p h  g av e  t h e  v a l u e  o f  s t e p  
h e i g h t s .  T hese  a g r e e d  v e r y  w e l l  -  a s  can  be s e e n  i n  t h e  
f o l l o w i n g  t a b l e  :
f a c e 499 532 892 303
a A A A A
f a c e 488 541 898 308
b A A A: A
(b )  C r y s t a l  B.
A number o f  d i f f e r e n t  a r e a s  on  t h e  two f a c e s  w ere  
c a r e f u l l y  ex am in ed  and m a tc h e d .  F i g u r e  24 a  and  b and 
f i g u r e  25 a and  b g i v e  t h e  p h o t o m i c r o g r a p h s  and  t h e  i n t e r -  
f e r o g r a m s  o v e r  a r e g i o n  m a rk e d  0 i n  f i g u r e  24 o f  two 
m a tc h e d  a r e a s  w i t h  a c l e a v a g e  l i n e  t e r m i n a t i n g  i n  t h e  
s u r f a c e .  The c l e a v a g e  l i n e s  on  t h e  two f a c e s  a r e  e x a c t l y
i3
iliï
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i d e n t i c a l  and  l o o k  l i k e  m i r r o r  im a g e s .  The two g r o u p s  o f  
c l e a v a g e  l i n e s  on  e i t h e r  s i d e  o f  t h e  t e r m i n a t i n g  c l e a v a g e  
a r e  o f  o p p o s i t e  c u r v a t u r e .  S te p  h e i g h t s  a t  a  few p l a c e s  
a l o n g  t h i s  t e r m i n a t i n g  c l e a v a g e  l i n e  do n o t  a g r e e  and  a 
d i f f e r e n c e  a s  l a r g e  a s  100 A a t  t h e  end o f  t h e  l i n e  i s  
f o u n d .  The v a l u e s  o f  t h e  s t e p  h e i g h t s  b e i n g  375 + 25 A 
and  479 ±  25 A r e s p e c t i v e l y  f o r  t h e  two f a c e s .
Thus one c a n  g e n e r a l i s e  r e g a r d i n g  th e  c l e a v a g e  o f  
t o p a z  i n  t h e  f o l lo Y / in g  way.
Topaz h a s  a p e r f e c t  c l e a v a g e  a s  i t  d o es  g i v e  sm ooth  
s u r f a c e s  on  c l e a v i n g  and can  be s p l i t  e a s i l y .  The e x a c t  
m a t c h i n g  o f  t h e  two f a c e s  o b t a i n e d  on  c l e a v i n g  and th e  s t e p s  
on one f a c e  b e i n g  i d e n t i c a l  to  t h o s e  on  t h e  o t h e r  ( b u t  i n  
n e g a t i v e  r e v e r s a l )  c o n f i r m s  t h e  i n f o r m a t i o n  t a k e n  f o r  
g r a n t e d  i n  c a s e  o f  a  p e r f e c t  c l e a v a g e .  The p l a c e s  o f  
e x c e p t i o n  a l o n g  t e r m i n a t i n g  c l e a v a g e s  ca n  be  e x p l a i n e d  i n  
t h e  f o l l o w i n g  way.
S i n g l e  l i n e  t e r m i n a t i n g  i n  t h e  s u r f a c e  c o u ld  be 
a s s o c i a t e d  w i t h  a m o s a i c  b l o c k  s t r u c t u r e .  A l t e r n a t i v e l y  
a d i s l o c a t i o n  may b r i n g  a b o u t  t h i s  a b r u p t  t e r m i n a t i o n  and 
a w ho le  row o f  t e r m i n a t i n g  c l e a v a g e s  s e e n  i n  f i g u r e  24 a  
an d  b may be f o r  a number o f  them . A t h i r d  p o s s i b i l i t y  
i s  t h a t  t h e r e  i s  i n t r i n s i c  l o c a l  s t r a i n  a t  a p l a c e  l i k e  t h a t
57.
The f o r m a t i o n  o f  V s h a p e d  c l e a v a g e  e l i m i n a t e s  t h e  i d e a  
o f  t h e  e x i s t e n c e  o f  a sc rew  d i s l o c a t i o n  a s  a p o s s i b l e  s o u r c e .  
These  may be p l a c e s  o f  i n t e n s e  l o c a l  s t r a i n  and i n  t h e  
a c t  o f  c l e a v a g e  g l i d i n g  may o c c u r  d i f f e r e n t i a l l y  on  one 
f a c e  o r  t h e  o t h e r  w h ic h  u p s e t s  t h e  e q u a l i t y  fo u n d  i n  o t h e r  
r e g i o n s .
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CHAPTER 8 
GLEAVAaE OP GALGITE 
G a l c i t e ,  c r y s t a l l i n e  GaGO^ i s  known to  h av e  h i g h l y  
p e r f e c t  r h o m b o h e d ra l  c l e a v a g e ,  i . e . ,  i n  (iOTi) p l a n e  s i n c e  
t h e  t im e  Haüy f o u n d  i t  b r e a k i n g  i n t o  d e f i n i t e  d i r e c t i o n s  
r e d u c i n g  i t  to  t h e  w e l l  known rhomb. I t  i s  a r h o m b o h e d r a l  
c r y s t a l  i n  g e n e r a l  b u t  e x h i b i t s  a g r e a t e r  v a r i e t y  o f  fo rm s  
and h a b i t s  t h a n  any  o t h e r  c r y s t a l .  The c l e a v a g e  i s  i n  
a g r e e m e n t  w i t h  r u l e s  f o r m u l a t e d  b y  W o o s te r  w h ic h  a r e  
d e s c r i b e d  i n  th e  C h a p t e r  2.  S i e g b a p  (1 9 3 3 )  ^ s e d  t h e  two 
beam i n t e r f e r o m e t r y  to  exam ine  c l e a v a g e  p l a t e s  o f  c a l c i t e  
t o g e t h e r  w i t h  o t h e r  c r y s t a l s  f o r  u s e  w i t h  X - r a y  s p e c t r o ­
m e t e r .  To I a n  sk y  and Kham sav i  (194-6) made m u l t i p l e  beam 
i n t e r f e r o m e t r i c  s t u d i e s  on  c l e a v a g e  o f  c a l c i t e  and f o u n d  
t h a t  th e  s t e p  h e i g h t s  a l o n g  a c l e a v a g e  l i n e  w ere  c o n s t a n t  
and s u g g e s t e d  t h e  m o s a i c  b l o c k  s t r u c t u r e .  The u n i t  l a t t i c e  
c e l l  d i m e n s io n  b e i n g  o n l y  6 a .  i t  was n o t  p o s s i b l e  to  
c o n f i r m  t h a t  t h e  s t e p  h e i g h t s  w e r e  e x a c t  m u l t i p l e s  o f  t h i s  
u n i t  c e l l  d im e n s io n  d e t e r m i n e d  b y  X - r a y s .
I n  t h e  p r e s e n t  work a num ber  o f  c a l c i t e  c r y s t a l s  
w ere  c l e a v e d  b y  a s h a r p  b low  w i t h  a hammer on  r a z o r  b l a d e ,  
k e p t  i n  c o n t a c t  w i t h  t h e  c r y s t a l s .  The two p a r t s  w ere  t h e n  
i m m e d i a t e l y  s i l v e r e d  and  m a tc h e d  a g a i n s t  a s i l v e r e d  o p t i c a l  
f l a t .  No c l e a n i n g  was r e q u i r e d  a s  t h e  c r y s t a l s  w ere  f r e s h l y
59o
c l e a v e d  e a c h  t i m e  and th e  same c r y s t a l  p l a t e  c o u l d  n o t  be 
s t u d i e d  a s e c o n d  t i m e  a f t e r  t h e  s i l v e r i n g  was s c r a t c h e d  
o r  h a d  become o l d .
The i n t e r f e r e n c e  f r i n g e s  w ere  ex a m in ed  i n  r e f l e c t i o n .  
The m i c r o f l a t  t e c h n i q u e  was u s e d  so t h a t  t h e  n e c e s s a r y  
o p t im iu m  c o n d i t i o n  o f  c l o s e t  a p p r o a c h  o f  t h e  f l a t  c o u l d  be  
a c h i e v e d .  The c l e a v a g e  l i n e s  c o u l d  b e  d e s c r i b e d  a s  
d i s t r i b u t e d  r a n d o m ly ,  some p a r a l l e l ,  some m e a n d e r i n g ,  some 
c o n v e r g i n g  i n  p a i r s  and t e r m i n a t i n g  i n  th e  s u r f a c e s  d e p e n d in g  
upon  t h e  d i r e c t i o n  o f  t h e  t o o l  and  b low .  F i g u r e  26 a and  b 
shows i n t e r f e r o g r a m s  o v e r  two m a tc h e d  r e g i o n s  w here  t h e  l i n e s  
a r e  n e a r l y  p a r a l l e l  ( t h e  d i s p e r s i o n  o f  f r i n g e s  i n  t h e  two 
p i c t u r e s  i s  to  be d i s r e g a r d e d ) .  The f r i n g e s  a r e  s m o o th e r  
b e t w e e n  two c l e a v a g e  l i n e s  sh o w in g  t h e  p l a n e s  b e tw e e n  them  
t o  be  m o l e c u l a r l y  f l a t .  The s t r i p  w i d t h s  b e t w e e n  t h e  l i n e s  
v a r y  f ro m  0 .0 0 5  t o  0 .2  mm. i n  t h e  c a s e  shown i n  t h e  f i g u r e .  
The s t e p  h e i g h t s  a c r o s s  t h e  c l e a v a g e  l i n e s  v a r y  f ro m  100 A 
to  1600 A. The a g r e e m e n t s  i n  s t e p  h e i g h t s ,  a t  t h e  c o r r e s ­
p o n d in g  p l a c e s  on  t h e  two f a c e s  i s  v e r y  good  w i t h i n  + 25 A.
I t  may be p o i n t e d  o u t  t h a t  u s u a l l y  t h e  s t e p  h e i g h t s  a l o n g  
a c l e a v a g e  w ere  u n i f o r m l y  c o n s t a n t  b u t  i t  i s  f o u n d  i n  some 
c a s e s  to  be g r a d u a l l y  c h a n g i n g .  The f i g u r e  27 shows t h e  
c u r v e s  f o r  s t e p  h e i g h t s  a g a i n s t  d i s t a n c e  a l o n g  a c l e a v a g e  
l i n e  and t h e  c l o s e  a g re e m e n t  f o r  t h e  two f a c e s  i s  e v i d e n t .
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Tlie c o n t i n u o u s  l i n e  shows th e  cu rv e  f o r  one f a c e  and t h e  
d o t t e d  l i n e  shows th e  r e l a t i o n  f o r  t h e  o t h e r  f a c e .  I n  the  
c a s e  o f  the  p a i r  o f  l i n e s  w h ich  t e r m i n a t e  i n  t h e  s u r f a c e  
t h e r e  i s  a p o i n t  o f  i n t e r e s t  a s  i n  th e  c a s e  o f  t o p a z .  Where 
t h e r e  i s  d e p r e s s i o n  b e tw e e n  a p a i r  o f  l i n e s  on one f a c e ,  
t h e r e  i s  an  e l e v a t i o n  a t  t h e  c o r r e s p o n d i n g  l i n e s  as  
e x p e c t e d  b u t  th e  d e p th  a t  th e  end i s  d i f f e r e n t  .ftxnn th e  
e l e v a t i o n  by  50 A. T h is  i s  a c o n s i d e r a b l e  d i f f e r e n c e . .
The m e a su re m e n ts  were  c a r r i e d  o u t  on f r i n g e s  o f  e q u a l  
c h r o m a t i c  o r d e r  and th e  a c c u r a c y  was t h e r e f o r e  + 10 A.
F i g u r e  28 a and b shows t h e  p h o to m i c r o g r a p h  o f  s u r f a c e s  
w i th  t e r m i n a t i n g  V sh a p e d  c l e a v a g e s  and f ig u j r e  29 shows 
f r i n g e s  o f  e q u a l  c h r o m a t i c  o r d e r  a t  one such  p l a c e .
An a d d i t i o n a l  e x p e r i m e n t  was t r i e d  to  s e e  th e  e f f e c t  
of damaging th e  s u r f a c e  by  p r e s s i n g  i t  h a r d  a g a i n s t  a g l a s s  
f l a t  a s  i t  i s  loiown to  g l i d e  on a p p l y i n g  s t r e s s . .  I n  one 
c a s e ,  one o f  th e  c r y s t a l  s u r f a c e s  was p r e s s e d  and compared 
w i t h  t h e  c o u n t e r p a r t .  I n  o t h e r  c a se  t h e  c r y s t a l  s u r f a c e  
was f i r s t  examined and  l a t e r  p r e s s e d  h a r d  a g a i n s t  th e  f l a t  
and exam ined  a g a i n  f o r  co m p a r i s o n  w i t h  t h e  p r e v i o u s  c o n d i t i o n  
o f  th e  s u r f a c e .  I n  th e  f i r s t  c a s e  n o t h i n g  s p e c i a l  o f  
i n t e r e s t  was n o t i c e d  e x c e p t  f o r  i r r e g u l a r  v a r i a t i o n  o f  
s t e p  h e i g h t s .  The p r o b a b i l i t y  o f  v e r y  s m a l l  f r a g m e n t s  
f a l l i n g  o f f  c a n n o t  be  i g n o r e d  a s  c a l c i t e  i s  s o f t e r  t h a n  g l a s s .
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I n  th e  s e c o n d  c a s e  t h e  f a m i l i a r  g l i d i n g  o f  th e  p l a n e  
was s e e n  h u t  t h e r e  t o o ,  a f t e r  t h e  s u r f a c e  was p e r m a n e n t l y  
d e fo rm ed  no d e f i n i t e  i n f o r m a t i o n  e x c e p t  t h e  s t e p  v a r i a t i o n  
c o u l d  he o b t a i n e d .
The c l e a v a g e  l i n e s  can  t h e r e f o r e  be c l a s s i f i e d  a s  
i n  th e  c a s e  o f  t o p a z  and th e  V sh a p e d  t e r m i n a t i n g  c l e a v a g e s  
may be  due to  d i f f e r e n t i a l  g l i d i n g  i n  t h e  a c t  of  c l e a v a g e  
a s  s a i d  b e f o r e .
The m o s a ic  b l o c k  s t r u c t u r e  shown by T o la n s k y  and 
KhamsaVi e x p l a i n s  t h e  n a t u r e  o f  c l e a v a g e  and  t h e  s t r a i n  
of  c l e a v a g e  p r o d u c i n g  h a c k le  p a t t e r n  m e n t io n e d  by Z a p f f e  
and Worden i s  p r o b a b l y  th e  r e a s o n  f o r  such  i n d i f f e r e n t  
c l e a v a g e s .  So f a r  a s  th e  m a tc h i n g  o f  t h e  two c o u n t e r p a r t s  
i s  c o n c e r n e d  t h e r e  i s  a p e r f e c t  ag re e m e n t  and th e  c l e a v a g e  
may be s a i d  to be p e r f e c t .
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CHAPTER 9 
CLEAYAG-E OP MIGA
M u s c o v i te  t h e  coiTMon m ic a  o r  P o ta s i u m  m ica  
H2KAl3 ( S i 04 )3  h a s  a l a y e r  l a t t i c e  s t r u c t u r e  and i s  known 
t o  have  em in en t  b a s a l  c l e a v a g e .  The c l e a v e d  s u r f a c e s  
p o s s e s s  a h i g h  n a t u r a l  p o l i s h .  Most o f  th e  w ork  of  T o la n s k y  
( 1 9 4 5 , 1 9 4 6 , 1447, ) i n  e s t a b l i s h i n g  th e  t e c h n i q u e  o f
m u l t i p l e  beam i n t e r f e r o m e t r y  was w i t h  m ica  c l e a v a g e  f a c e s .  
Mica h a s  t h u s  b e e n  t h o r o u g h l y  i n v e s t i g a t e d  by  m u l t i p l e  
beam i n t e r f e r o m e t r y  by  T o la n s k y  & M o r r i s  (1947)  b e c a u s e  o f  
i t s  i n d u s t r i a l  i m p o r t a n c e  as  an  e l e c t r i c a l  i n s u l a t o r . The 
m a tc h in g  o f  the  two s u r f a c e s  o b t a i n e d  on c l e a v i n g  was 
how ever  n e v e r  t r i e d  and th e  p o i n t  to  p o i n t  c o r r e s p o n d e n c e  
h a s  b e e n  t a k e n  f o r  g r a n t e d .  I n  t h e  p r e s e n t  work,  i n v e s t i ­
g a t i o n s  were  t h e r e f o r e  made on m ica  w i t h  t h i s  p o i n t  o f  v ie w .  
Two t y p e s  o f  m u s c o v i t e  f rom  A u s t r a l i a  and Madras ( I n d i a )  
w ere  t r i e d .  A number o f  c l e a v a g e  p a i r s  were  exam ined .
T h ic k  sp e c im e n s  were a l s o  t r i e d  and th e  f r i n g e s  i n  
r e f l e c t i o n  were  t h e n  u s e d .  F r e s h l y  c l e a v e d  m ica  s u r f a c e s  
a r e  n o t  r e q u i r e d  to  be c l e a n e d .  The o b s e r v a t i o n s  f rom  one 
f a c e  a r e  i n  c o n f o r m i t y  w i t h  t h o s e  r e p o r t e d  by  T o la n s k y  
(1948)  and  T o la n s k y  & M o r r i s  (1 9 4 ? )
The c l e a v a g e  s t e p s  a r e  i n t e g r a l  m u l t i p l e s  o f  20 A 
i . e . ,  t h e  X - r a y  u n i t  c e l l  and t h e  s t e p  h e i g h t  a lo n g  a
63.
c l e a v a g e  l i n e  i s  c o n s t a n t .  The c l e a v a g e  l i n e s  a r e
d i s t r i b u t e d  a t  random s t a r t i n g  f rom  th e  end where t h e  n e e d l e  
i s  i n s e r t e d .  Be tw een  th e  c l e a v a g e  l i n e s , a r e a s  a r e  fo u n d  
t o  be o p t i c a l l y  u n i f o r m .  A re a s  a s  l a r g e  as  s e v e r a l  s q u a r e
c e n t i m e t r e s  a r e  f o u n d  f r e e  f rom  any c l e a v a g e  l i n e s .  I n
t h i c k e r  sp e c im e n s ,  th e  s u r f a c e s  a r e  more p l a n e  w i t h
n e g l i g i b l e  s u p e r p o s e d  c u r v a t u r e .  The c h a r a c t e r i s t i c  h i l l  
and  d a l e  f e a t u r e s  a r e  a l s o  n o t i c e d  i n  v e r y  t h i n  s a m p le s .
When th e  c o m p a r i s o n  o f  t h e  two c o u n t e r p a r t s  i s  
c o n s i d e r e d  th e  m a tc h i n g  i s  p e r f e c t  and t h e  s t e p  h e i g h t s  
a g r e e  f u l l y .  F i g u r e s  30 a and b g i v e s  i n t e r f e r o g r a m s  
o v e r  one such m a tc h i n g  p a i r .  No a t t e n t i o n  i s  to  be p a i d  
to  t h e  s m a l l  c u r v a t u r e  and t h e  d i s p e r s i o n  o f  f r i n g e s .  S t e p  
h e i g h t s  o n l y  a r e  to  be c o n s i d e r e d  and t h e  v a l u e s  o b t a i n e d  
f o r  c o r r e s p o n d i n g  r e g i o n s  by  m e a s u r in g  f r i n g e s  of  e q u a l  
c h r o m a t i c  o r d e r  f rom  two p a i r s  a r e  g iv e n  i n  a T ab le  below :
:C a (3 e  6i 1 7 8 j L  1 (3 (]J 1
f a c e  b 336a 420A 638A 184A 97A
F i g u r e  3 I  g i v e s  f r i n g e s  o f  e q u a l  c h r o m a t i c  o r d e r  o v e r  two 
c o r r e s p o n d i n g  r e g i o n s  where t h e r e  i s  a d e p r e s s i o n  b e tw e e n  
two c l e a v a g e  l i n e s  on one f a c e  and an e l e v a t i o n  b e tw een  
th e  c o r r e s p o n d i n g  l i n e s  on  th e  o t h e r  f a c e .
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T h ere  a r e  a number o f  s e c o n d a r y  d i f f e r e n c e s  which  
a r e  n o t i c e a b l e  on b o t h  s u r f a c e s  w h ich  o c c u r  a s  r e g i o n s  o f  
d e p r e s s i o n .  Thus t h e r e  i s  a b s e n c e  o f  m a t e r i a l  on b o th  
f a c e s .  These a p p e a r  a s  p i t s .  I t  i s  d e f i n i t e  t h a t  t h e y  
do n o t  r e p r e s e n t  c l e a v a g e  th r o u g h  s m a l l  i n c l u d e d  l i q u i d  
o r  g a s  b u b b le  f o r  i n  t h a t  c a s e  t h e r e  w ould  b e  c o r r e s p o n d e n c e  
i n  p o r t i o n  b e tw e en  t h e s e  p i t s  on th e  two f a c e s .  I t  i s  
known t h a t  when m ic a  i s  c l e a v e d  f i n e  p a r t i c l e s  may be s p l i t  
o f f  and  i t  i s  p r o b a b l e  t h a t  th e  a p p e a r a n c e  o f  random p i t s  
a r e  due to t h i s .  I f  t h e  o b s e r v e d  p i t s  a r e  c o n s i d e r e d  to  
be h e m i s p h e r i c a l  cups  th e  l a r g e s t  one i s  m e r e ly  of  t h e  
o r d e r  o f  3 X 10 c . c ,  N e g l e c t i n g  t h e s e  s e c o n d a iy  e f f e c t s ,  
th e  o b s e r v a t i o n s  e s t a b l i s h  e x a c t  ag reem en t  b e tw een  the  
c l e a v a g e  s t e p s  on th e  m a tch e d  a r e a s .
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CHAPTER 10  
CLEAVAGE OF DIAIvIOND
P r e v i o u s  work on diamond c l e a v a g e :
Diamond s p l i t s  r e a d i l y  i n  f o u r  d i r e c t i o n s  each  
p a r a l l e l  to  a p a i r  o f  o p p o s i t e  o c t a h e d r o n  f a c e s  ( 1 1 1 ) ,  so 
t h a t  any g iv e n  o c t a h e d r o n  can  he r e d u c e d  t o  a s m a l l e r  one .  
These  f o u r  d i r e c t i o n s  a r e  c a l l e d  t h e  p l a n e s  o f  p e r f e c t  
c l e a v a g e o  I n d i a n  l a p i d a r i e s  o f  th e  1 7 th  c e n t u r y  u n d e r s t o o d  
th e  a r t  o f  c l e a v i n g  o f  diamond th o u g h  a p p a r e n t l y  o n l y  i n  t h e  
(111)  p l a n e s ,  a f a c t  m e n t io n e d  by  E a r l  M a rsh a l  (1677)  and 
T a v e r n i e r  ( 1 6 7 9 ) .  S u t t o n  (1928)  m e n t io n e d  an a d d i t i o n a l  
c l e a v a g e  though  l e s s  p e r f e c t  b u t  q u i t e  good i n  s i x  d i r e c t i o n s  
e a c h  p a r a l l e l  to  a p a i r  o f  o p p o s i t e  f a c e s  o f  t h e  d o d e c a h e d ro n  
( ( 1 1 0 ) " p l a n e s ) ,  and  a c l e a v a g e  p l a n e  n o t  v e i y  p ro n o u n c e d  
p a r a l l e l  to  t h e  f a c e s  o f  a cube ( 1 0 0 ) .
A .E .W i l l i a m s  (1932)  o b s e r v e d  th e  p e r f e c t  c l e a v a g e  
p a r a l l e l  to  ( 1 1 1 ) f a c e ,  b u t  n e v e r  fo u n d  c l e a v a g e s  p a r a l l e l  
to  t h e  cube o r  t h e  d o d e c a h e d ro n  f a c e s .  A c c o rd in g  to  
G r o d z i n s k i  (1944)  th e  p r o f e s s i o n a l  c l e a v e r s  u s e  o n l y  t h e  
( 1 1 1 ) f a c e  a s  a c l e a v a g e  p l a n e  ^and he f a i l e d  to  c o n v in c e  
them  to  make ev e n  an a t t e m p t  i n  t h e  o t h e r  two d i r e c t i o n s .
Ramseshan (1946)  exam ined  a number o f  c l e a v a g e  p l a t e s  
by  o p t i c a l  g o n io m e te r  and e s t a b l i s h e d  t h e  f o l l o w i n g  
c l e a v a g e s  i n  t h e  f o l l o w i n g  o r d e r  :
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( I l l ) ,  ( 221 ) ,  ( 3 3 1 ) ,  ( 1 1 0 ) ,  ( 3 2 2 ) ,  ( 2 11 ) ,  ( 3 3 %)
He d i d  n o t ,  h ow ever ,  f i n d  any  (100)  c l e a v a g e .  C u s t e r s  
(194-9) exam ined  a (111)  c l e a v a g e  f a c e  o f  a ty p e  I I  diamond 
and f rom  th e  d i r e c t i o n s  o f  t h e  c l e a v a g e  l i n e s  which  
c o r r e s p o n d e d  w i t h  t h e  c l e a v a g e  d i r e c t i o n s  s u g g e s t e d  th e  
l a m i n a t e d  s t r u c t u r e  f o r  t h a t  d iam ond.
E x p l a n a t i o n s  f o r  t h e  (111)  c l e a v a g e  were  g i v e n  by  
c o n s i d e r a t i o n s  o f  th e  i n t e r p l a n e r  s p a c i n g s  o f  ( 1 1 1 ) ,  ( l l O ) ,  
( l o o )  p l a n e s  o b t a i n e d  f rom  X - r a y  m e a su re m e n ts .  I t  i s  a l s o  
knoT/n t h a t  t h e r e  a r e  two s p a c i n g s  f o r  t h e  (111 )  p l a n e s .
The r a t i o  of  t h e  d i s t a n c e s  b e tw e e n  the  a l t e r n a t e  (111 )  
p l a n e s  i s  1 :3  Ramseshan c a l c u l a t e d  c l e a v a g e  e n e rg y  a lo n g  
a p a r t i c u l a r  p l a n e  by  as su m in g  i t  to  be e q u a l  to  t h e  en e rg y  
r e q u i r e d  to  r u p t u r e  t h e  number o f  bonds  c o n n e c t i n g  th e  
atoms on e i t h e r  s i d e  o f  t h e  p l a n e .  H a r k i n s  (194-2) h a d  
u s e d  t h i s  i d e a  to  c a l c u l a t e  th e  s u r f a c e  e n e rg y  o f  ( 1 1 1 ) 
and ( l o o )  f a c e s  o f  diamond. H a r k i n s  c a l c u l a t e d  t h e  
c l e a v a g e  e n e rg y  a s  tw ic e  t h e  s u r f a c e  e n e r g y .  Ramseshan 
worked o u t  the  c l e a v a g e  e n e rg y  f o r  a number o f  p l a n e s .
He f o u n d  t h a t  th e  c l e a v a g e  e n e rg y  i n  th e  (111)  w i d e l y  s p a c e d  
o n e s  was l e a s t  and t h a t  i n  ( 1 0 0 ) p l a n e s  was maximum, w i t h  
t h e  r e s t  o f  t h e  p l a n e s  i n  b e tw e en  i n  t h e  f o l l o w i n g  o r d e r :  
( 1 1 1 ) ,  ( 3 3 2 ) ,  ( 2 2 1 ) ,  ( 3 3 1 ) ,  ( 1 1 0 ) ,  ( 3 2 2 ) ,  ( 3 2 1 ) ,  
( 211 ) ,  ( 3 2 0 ) ,  ( 2 1 0 ) ,  ( 3 1 1 ) ,  ( 1 0 0 ) .
Til ls  o r d e r  shows t h a t  a s  t h e  t i l t  o f  th e  p l a n e  
p r o g r e s s e s  t o w a r d s  t h e  ( 1 1 1 ) p l a n e  t h e  c l e a v a g e  e n e rg y
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d e c r e a s e s  whicli s u g g e s t s  th e  p o s s i b i l i t y  o f  a p p a r e n t l y  
c u rv e d  f r a c t u r e s  i f  s t a r t e d  i n  a wrong p l a n e .  I n  t h e  (111)  
p l a n e  th e  number o f  bonds  c u t  p e r  u n i t  a r e a  i n  w ide  s p a c i n g  
and th e  c l o s e  s p a c i n g  a r e  i n  t h e  r a t i o  o f  I s 3 a s  can  be 
s e e n  f ro m  f i g u r e  2 i n  P a r t  I  and so th e  c l e a v a g e  e n e r g i e s  
a r e  a l s o  i n  th e  same r a t i o .  T h i s  e x p l a i n s  why i f  a c l e a v a g e  
s t a r t s  i n  (111)  p l a n e  b e tw e en  two l a y e r s  w h ich  a r e  f u r t h e r  
a p a r t ,  i t  w i l l  c o n t i n u e  i n  th e  same p l a n e ,  s i n c e  s l i g h t  
d e v i a t i o n  i n  d i r e c t i o n  w ould  i n v o l v e  a t h r e e f o l d  i n c r e a s e  
i n  e n e r g y .
M rs .W i lk s  (1952)  made an i n t e r f e r o m e t r i c  s t u d y  o f  
t h e  (111)  c l e a v a g e s  o f  d iamonds o f  t y p e s  I  and I I  and 
e s t a b l i s h e d  t h a t  t h e r e  i s  no e s s e n t i a l  d i f f e r e n c e  i n  t h e  
c l e a v a g e  mechanism of  t h e  two t y p e s  o f  d iamonds b u t  th e  
q u a l i t y  o f  c l e a v a g e  i n  t h e  two t y p e s  was d i f f e r e n t .  The 
c l e a v a g e  o f  ty p e  I  c r y s t a l  i s  v e r y  rough  i n t e r f e r o m e t r i c a l l y ,  
a lm o s t  c o n c h o i d a l ,  w h i l e  i n  th e  ty p e  I I  t h e  c l e a v a g e s  i n  
some r e g i o n s  a r e  good  enough to  r e s e m b le  t h o s e  o f  c a l c i t e .
She a r g u e d  t h a t  i f  th e  c l e a v a g e  depends  upon  c o n c e n t r a t i o n  
o f  d i s l o c a t i o n s  a s  s u g g e s t e d  by  A m e l in ck x (1 9 5 1 ) ,  t y p e  I I  
s t o n e ,  b e c a u s e  o f  i t s  s u p e r i o r  c l e a v a g e ,  h a s  a lo w e r  d e n s i t y  
o f  d i s l o c a t i o n s  w i t h i n  i t s  l a t t i c e .
I n  th e  p r e s e n t  work s e v e r a l  p a i r s  o f  ty p e  I  and 
ty p e  I I  d iamonds were  exam ined  and com pared  f o r  m a tc h in g  
q u a l i t i e s .  The c l a s s i f i c a t i o n  o f  t y p e  I  and  ty p e  I I  was
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c o n f i rm e d  by  th e  a u t h o r  by  t e s t i n g  f o r  u l t r a - v i o l e t  
a b s o r p t i o n  on a H i l g e r * s  medium q u a r t z  s p e c t r o g r a p h .  The 
ty p e  I  t r a n s m i t t e d  up to  3000  A w h e re a s  t h e  t y p e  I I  
t r a n s m i t t e d  up to  2250 A. The o b s e r v a t i o n s  o f  th e  s u r f a c e  
s tu d y  a r e  g iv e n  b e lo w .
Type I  Diamonds 
(1 )  C r y s t a l  E5 :
A g l a s s y  f l a t  p i e c e  was f i r s t  examined  b e tw e en  two 
c r o s s  p o l a r o i d s  and was f o u n d  to  be u n d e r  s t r a i n  a s  seen  
f rom  th e  b i r e f r i n g e n c e .  I t  was t h e n  c l e a v e d  by a 
p r o f e s s i o n a l  diamond c l e a v e r .  The m i c r o s c o p i c  and i n t e r -  
f e r o m e t r i c  e x a m i n a t i o n  f o r  b o t h  t h e  c o u n t e r p a r t s  was 
c a r r i e d  o u t  i n  t h e  u s u a l  way a f t e r  t e s t i n g  f o r  b i r e f r i n g e n c e .  
The c r y s t a l  c o n t i n u e d  to  show b i r e f r i n g e n c e .  A p r o p e r  
i n t e r f e r o m e t r i c  e x a m i n a t i o n  was n o t  p o s s i b l e  e x c e p t  i n  v e r y  
l i m i t e d  r e g i o n  due to  v e r y  rough  c l e a v a g e  and so th e  s u r f a c e s  
were  s t u d i e d  by p r o f i l e  m ic r o s c o p e  d e s c r i b e d  i n  C h a p te r  3 
of P a r t  I I .  When low pow ers  a r e  u s e d  t h e r e  a p p e a r s  t o  be  
a r e a s o n a b l e  d e g r e e  o f  c o r r e s p o n d e n c e  b e tw e en  th e  l i n e a r  
p a t t e r n s  on t h e  m a tc h e d  c l e a v a g e s .  F ig u re s  32 ( a )  and (b )  
show p a r t  o f  th e  s u r f a c e  on b o t h  t h e  c l e a v e d  f a c e s .  The 
c l e a v a g e  l i n e s  a p p e a r  to  s t a r t  f rom  th e  c o r n e r  where  t h e  
c l e a v a g e  b e g i n s .  Between th e  m a jo r  c l e a v a g e  l i n e s  t h e r e  
a r e  v e r y  s m a l l  s e c o n d a r y  c l e a v a g e s .  On a c l o s e r  i n s p e c t i o n  
v e r y  c o n s i d e r a b l e  d i f f e r e n c e s  a r e  r e v e a l e d .  F i g u r e s  33 
a and  b show t h e  m u l t i p l e  l i g h t  p r o f i l e  p a t t e r n s  (XlOOO)
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o f  m a tch e d  r e g i o n s .  The t h r e e  h o r i z o n t a l  l i n e s  a r e  th e  
p r o f i l e  shadows from  th e  d i s p l a c e m e n t s  o f  which  t h e  t o p o ­
g ra p h y  can be d e r i v e d .  T here  i s  a c o r r e s p o n d e n c e  i n  some 
p a r t s  and d i f f e r e n c e s  i n  o t h e r s .  Along one m a jo r  c l e a v a g e  
l i n e  th e  s t e p  h e i g h t s  were e s t i m a t e d  v i s u a l l y  by u s i n g  a 
m ic ro m e te r  e y e p i e c e  and was f o u n d  to  be u n i f o r m l y  l . l A  
For  t h e s e  m easu rem e n ts  a c c u r a c y  o f  o n l y  + .j, can be
c l a im e d .  There  was c o r r e s p o n d e n c e  i n  the  c o u n t e r p a r t  o v e r  
t h e  s i m i l a r  l i n e .  At some p l a c e s  th e  c l e a v a g e  lo o k e d  
c o n c h o i d a l .  The s e c o n d a r y  c l e a v a g e  s t e p s  r e v e a l e d  by t h i n  
f i l m  t e c h n i q u e  a r e  o f  th e  o r d e r  o f  50 A. The s e c o n d a r y  
c l e a v a g e  s t e p  i s  s e e n  i n  t h e  i n t e r f e r o g r a m  g i v e n  i n  f i g u r e  34. 
One s t r i k i n g  o b s e r v a t i o n  was t h a t  s t e p s  a c r o s s  t h e  m a jo r  
l i n e s  were  g e n e r a l l y  a l l  g o in g  i n  one d i r e c t i o n  and n o t  
i n d i f f e r e n t l y .
( 2 )  C r y s t a l  W 15 :
T h i s  p a i r  d i d  n o t  show any n o t i c e a b l e  b i r e f r i n g e n c e .
A p a r t  o f  the  s u r f a c e  was more smooth t h a n  e l s e w h e re  and 
i n t e r f e r e n c e  f r i n g e s  c o u l d  be o b t a i n e d  o v e r  t h a t  a r e a  by 
t h e  m i c r o f l a t  t e c h n i q u e .  The p h o to m i c r o g ra p h s  and t h e  
i n t e r f e r o g r a m s  o v e r  t h e  c o r r e s p o n d i n g  a r e a s  a r e  g i v e n  i n  
f i g u r e s  35 ( a )  and (b )  and f i g u r e  36 ( a )  and ( b ) .  D i f f e r e n c e s  
i n  s t e p  h e i g h t s  a t  c o r r e s p o n d i n g  p o i n t s  o f  t h e  o r d e r  o f  
150 A a r e  o b s e r v e d .  A c u rv e  showing t h e  c o m p ar i so n  o f  s t e p  
h e i g h t s  a lo n g  a c l e a v a g e  l i n e  on b o th  f a c e s  i s  g iv e n  i n
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f i g u r e  37 .  At some p l a c e s  t h e  two p l a n e  r e g i o n s  
s e p a r a t e d  by a c l e a v a g e  l i n e  a r e  n o t  p a r a l l e l .  The i n c l i n e  
b e tw e en  two su ch  p l a n e s  ( I n t e r f e r o g r a m  o f  f i g u r e  3 6 ) on 
one f a c e  i s  6 .6  m in u t e s  o f  a r c  w h e rea s  i n  t h e  c o r r e s p o n d in g  
p o r t i o n  on t h e  o t h e r  f a c e  i t  i s  -  5 . 4  m i n u t e s  o f  a r c .
(3 )  C r y s t a l  W 5 :
T h is  c r y s t a l  showed s t r o n g  b i r e f r i n g e n c e . T here  
were  g r e a t  v a r i a t i o n s  i n  th e  c o u n t e r p a r t s .  The s u r f a c e s  
b e i n g  v e i y  rough  no good i n t e r f e r e n c e  f r i n g e s  c o u ld  be 
o b t a i n e d .  The c r i s s - c r o s s  n a t u r e  of  c l e a v a g e  l i n e s  and 
th e  i n c l i n e  o f  t h e  p l a n e s  on e i t h e r  s i d e  o f  the  c l e a v a g e  
l i n e  a r e  q u i t e  m arked  f rom  t h e  i n t e r f e r o g r a m  ( f i g u r e  3 8 ) 
i n  t r a n s m i s s i o n .  No c o m p a r iso n  was t h e r e f o r e  p o s s i b l e .  
C r y s t a l  W 6 :
T h i s  p a i r  o f  diamonds showed v e r y  s t r o n g  b i r e f r i n g e n c e .  
The g e n e r a l  a p p e a r a n c e  o f  t h e  c l e a v a g e  l i n e s  as  s e e n  by  
a low power o b j e c t i v e  was s i m i l a r  to  th e  u s u a l  c l e a v a g e s .  
F i g u r e s  39 (a )  and (b )  show t h e  p r o f i l e  m i c r o s c o p i c  
p i c t u r e s  (X 45T0 ) _ o f  th e  two c o r r e s p o n d i n g  m a tch e d  r e g i o n s .  
The l a r g e  d i f f e r e n c e s  a t  some p l a c e s  a r e  e a s i l y  n o t i c e a b l e .  
The a c t u a l  s t e p  h e i g h t s  as  d e t e r m in e d  by p r o f i l e  s h i f t s  
a t  t h e  a p p r o x i m a t e l y  c o r r e s p o n d i n g  p o i n t s  a r e  g iv e n  below
A, 4. 2r^ B^2.8lr; C,1.3m D,1 . 3 / 1;
A, 4.18/-; B, 2.78/3 C,1.3A; D,1.32/-.
c l e a v a g e s  t e r m i n a t i n g  i n  th e  s u r f a c e  a r e  s e e n  i n  t h i s  
c a s e . 5
1r , ^.  39  i9-'> X 440
m
39 I k )  X 4 4 0
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In other pairs of crystals examined similar 
variations were found and in a few cases very major 
differences were also noticed. The possibility of very 
small fragments falling out in the process of cleaving can 
explain the inequality on large scales.»
Type II Diamonds
(1 )  C r y s t a l s  B5 and C5
T h is  p a i r  o f  diamonds e x h i b i t s  a complex o f  c l e a v a g e  
l i n e s  b u t  i t  h a s  a good c l e a v a g e  s u r f a c e  i n t e r f e r o m e t r i c a l l y  
( a s  i s  o f t e n  th e  c a s e  w i t h  ty p e  I I  c r y s t a l s ) ,  F i g u r e s  40
(a )  and  (b )  and 41 ( a )  and (b )  show th e  p h o to m i c r o g ra p h s  
and i n t e r f e r o g r a m s  a t  c o r r e s p o n d i n g  p l a c e s  o v e r  a p a r t  o f  
the  s u r f a c e s .  S e v e r a l  o f  th e  w e l l  d e f i n e d  s t e p s  have  b ee n  
m e asu re d  a c c u r a t e l y .  There  a r e  l o c a l  i r r e g u l a r i t i e s  due 
to  s e c o n d a iy  c l e a v a g e s .  C urves  showing v a r i a t i o n  o f  s t e p  
h e i g h t s  w i th  d i s t a n c e  a lo n g  c l e a v a g e  l i n e s  f o r  the  m a tch in g  
r e g i o n  a r e  g iv e n  i n  f i g u r e  42 .  The s t e p  h e i g h t s  a r e  n o t  
c o n s t a n t  a lo n g  th e  two l i n e s  b u t  th e  c l o s e  r e s e m b la n c e  
on the  two f a c e s  i s  q u i t e  c l e a r .  A few p l a c e s  by  way o f  
e x c e p t i o n ,  o f  l a r g e  i n e q u a l i t i e s  a r e  s e e n  b u t  t h e s e  can be 
e x p l a i n e d  on th e  p o s s i b i l i t y  o f  s m a l l  b i t s  f a l l i n g  o u t  i n
t h e  p r o c e s s  o f  c l e a v a g e  a s  t h i s  v a r i e t y  o f  diamond i s  
known to  be q u i t e  b r i t t l e .  The e x i s t e n c e  o f  s e c o n d a ry  
d i f f e r e n c e s  v fe l l  e s t a b l i s h e d  i n  some r e g i o n s  i s  shown i n  
t h e  i n t e r f e r o g r a m s  g i v e n  i n  f i g u r e s  43 ( a )  and ( b ) .
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C r y s t a l  and
I n  t h i s  p a i r  v e r y  c o a r s e  s u r f a c e  f e a t u r e s  a r e  s e e n .
T h ere  a r e  most f o r c e f u l  d i f f e r e n c e s  i n  t h i s  ty p e  I I  c r y s t a l .
The d i f f e r e n c e s  b e i n g  on a l a r g e  s c a l e  t h e y  a r e  o f  s p e c i a l
i n t e r e s t  i n  r e v e a l i n g  th e  c l e a v a g e  m echanism . A low power
l i g h t  p r o f i l e  p i c t u r e s  (x  1 7 0 ) f o r  m a tched  r e g i o n s  a r e
g iv e n  i n  f i g u r e  44 ( a )  and  ( b ) .  G re a t  c a r e  h a s  b e e n  t a k e n
i n  c o r r e c t l y  i d e n t i f y i n g  th e  m a tch e d  r e g i o n s .  The m ost
s t r i k i n g  f e a t u r e  i n  b o th  c a s e s  i s  t h e  a p p e a r a n c e  o f
t r i a n g u l a r  d e p r e s s i o n s  s i m i l a r  to  t r i g o n s .  These do n o t
m a tch  a t  a l l  and i n  any c a se  t h e y  a r e  d e p r e s s i o n s  i n  b o t h
c a s e s  and n o t  a d e p r e s s i o n  and an e l e v a t i o n  on th e  c o u n t e r -
p a r t  a s  e x p e c t e d  f o r  m a tc h i n g .  The p i t  on f a c e ^ ^ ^ . )  i s
( f i g u r e  44a) 2 .3 y i t  deep  and th e  s i d e s  a r e  o .06  mm. The
t r i a n g u l a r  p i t  i n  s t o n e  i s  0 .9 / ‘^ deep and h a s  s i d e s  0 .0 7  mm.
These a r e  n o t  e x a c t l y  a t  t h e  same p l a c e .  F i g u r e  45 shows
m u l t i p l e  l i g h t  p r o f i l e  p h o to m ic r o g r a p h s  o f  two v e r y  l a r g e
t r i a n g u l a r  p i t s  and a s m a l l  one a t  t h e  c o r n e r  o f  one of
them on f a c e  b .  The s i d e s  o f  t h e  b i g  p i t  a r e  0 .3  mm.
a p p r o x i m a t e l y  and  a r e  3 .5  to  1 6 . 7 / ^  deep a t  d i f f e r e n t  ends
as  c a l c u l a t e d  f ro m  t h e  p r o f i l e  s h i f t s .  At th e  c o r r e s p o n d i n g
p l a c e  on th e  c o u n t e r p a r t  ( a ) ,  no such  d e p r e s s i o n s  a r e  s e e n .
The l i n e s  i n s i d e  th e  t r i a n g u l a r  d e p r e s s i o n s  a r e  c u r v e d
r e s e m b l i n g ' t h e  edges  o f  g row th  l a y e r s .  The d e e p e s t
- ^
t r i a n g u l a r  p i t  h a s  a c a p a c i t y  o f  ab o u t  7 x/O c ; p .
X (70 4 4  X (70
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The p o s s i b l e  e x p l a n a t i o n  f o r  su c h  t r i a n g u l a r  
d e p r e s s i o n s  c o u ld  be
( a )  At some s t a g e  t h e  c r y s t a l - s t o p p e d  g row ing  and 
t h e r e  were a few t r i g o n s  l e f t  on th e  s u r f a c e .  A t h i n  l a y e r  
o f  f o r e i g n  m a t e r i a l  c o v e re d  a p a r t  o f  t h i s  s u r f a c e  and th e  
c r y s t a l  c o n t i n u e d  t o  grow a g a i n  l e a v i n g  t h e s e  p l a c e s  h o l lo w  
w i t h  weak b o u n d a ry .  On c l e a v i n g  t h e  c r y s t a l  i t  b r e a k s  
p a r a l l e l  t o  t h i s  p l a n e  and th e  o r i g i n a l  g row th  f e a t u r e s  
a r e  r e v e a l e d .  The s to p p a g e  o f  g row th  o f  a f a c e  and r e ­
s t a r t i n g  h a s  b ee n  shown to  h appen  by S .P .F .H um phreys-Ow en 
( 1 9 4 9 ) on HaClO^ c r y s t a l  grown f rom  s o l u t i o n .
(b )  The ed g es  o f  th e  t r i a n g u l a r  d e p r e s s i o n s  a r e  v e r y  
n e a r l y  p a r a l l e l  t o  o t h e r  c l e a v a g e  d i r e c t i o n s  i n  diamond.
I t  i s  q u i t e  c e r t a i n  t h a t  diamond g row th  mechanism p r o d u c e s  
e q u i l a t e r a l  t r i a n g u l a r  d e p r e s s i o n s  and i t  i s  l o g i c a l  to  
e x p e c t  t h a t  i n  some s t o n e s  weak t r i a n g u l a r  b o u n d a r i e s  w i l l  
e x i s t  i n  some p a r t s  o f  th e  c r y s t a l .  These may n o t  be 
n o t i c e d  r e a d i l y  as  the  s u r f a c e  f i l l s  i n  t h r o u g h  c o n t i n u e d  
g ro w th ,  b u t  w i l l  l e a v e  t h e i r  t r a c e s  i n  th e  form of  weak 
p l a n e s .  When th e  b r i t t l e n e s s  o r  h a r d n e s s  o f  diamond i s  
t a k e n  i n t o  a c c o u n t  i t  i s  n o t  s u r p r i s i n g  t h a t  the  a c t  o f  
c l e a v a g e  i n  one a p p r o x i m a t e l y  p la n e  d i r e c t i o n  w ig g e r s  o f f  
c l e a v a g e s  i n  r e m a in in g  a s s o c i a t e d  (111) p l a n e s .  Thus th e  
v i o l e n c e  o f  t h e  c l e a v a g e ,  blow and th e  e a s e  o f  t r a n s m i s s i o n  
of  t h e  sh o c k ,  may w e l l  l e a d  to  spora>dLc e j e c t i o n  o f
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m i c r o s c o p i c  t r i a n g u l a r  p l a t e s .  I n d e e d  t h i s  g r o s s  
m echanism  shovm i n  f i g u r e s ,  may w e l l  a p p e a r  on a m u l t i p l e  
m in o r  s c a l e  and a c c o u n t  f o r  th e  s e co n d  o r d e r  d i f f e r e n c e s  
o b s e r v e d  i n  t h e  m a tched  f r i n g e  p a t t e r n s .
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CQHCLUSIQNS
The o b s e r v a t i o n s  on a l l  th e  c l e a v a g e  f a c e s  l e a d  to  
the  f o l l o w i n g  g e n e r a l  c o n c l u s i o n s .
The c l e a v a g e s  o f  a l l  t h e  c r y s t a l s  e x c e p t  diamond a r e  
i n  p e r f e c t  ag reem en t  w i t h  t h e i r  c o u n t e r p a r t s .  The q u a l i t y  
o f  c l e a v a g e  i n  type  I I  diamond i s  d i f f e r e n t  f rom  th e  one 
f o r  t y p e  I  diamond. Diamond ty p e  I I  g i v e s  a c l e a v a g e  
s u r f a c e  smooth enough f o r  i n t e r f e r o m e t r i e  s t u d y ,  w h e rea s  
i n  t y p e  I  diamond th e  s u r f a c e  o b t a i n e d  on c l e a v i n g  i s  
v e r y  r o u g h .
I n  r a r e  c a s e s  t r i a n g u l a r  d e p r e s s i o n s  r e s e m b l i n g  
t r i g o n s  can  be s e e n  on a c l e a v a g e  f a c e  and th e  n a t u r e  o f  
l i n e s  i n s i d e  t h i s  d e p r e s s i o n  g i v e  e v i d e n c e  o f  l a m e l l a r  
s t r u c t u r e .  Such t r i a n g u l a r  d e p r e s s i o n s  o r  any o t h e r  
f e a t u r e s  -  su ch  a s  i n c l u s i o n s  -  d i s c l o s e  th e  i m p e r f e c t i o n  
i n  th e  s t r u c t u r e .  The l a m e l l a r  s t r u c t u r e  o f  diamond can 
a l s o  be  d e c id e d  f rom  t h e  v e r y  l a r g e  number of  c l e a v a g e  
l i n e s .  T h is  r e s u l t  i s  a l s o  d e r i v e d  f rom  th e  e x p e r i m e n t s  
on e t c h i n g ,  d e s c r i b e d  i n  P a r t  IV. The n a t u r e  o f  c l e a v a g e  
l i n e s  h e l p  to  i d e n t i f y  a c r y s t a l .  The c l e a v a g e  l i n e s  a l s o  
s u g g e s t  t h e  m o sa ic  s t r u c t u r e .  The s t e p  h e i g h t s  a lo n g  a
c l e a v a g e  l i n e  i n  c a s e  o f  diamond i s  n o t  c o n s t a n t .  M o l e c u l a r l y  
f l a t  a r e a  o v e r  c l e a v a g e  f a c e  shows t h e  e x i s t e n c e  o f  a
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p e r f e c t  c r y s t a l  b lo c k  i n  t h a t  p a r t  o f  th e  c r y s t a l .  I n  th e  
c a s e  o f  diamond th e  m a tc h in g  b e i n g  n o t  e x a c t  one can se e  
t h a t  th e  m o s a i c i t y  and l a m e l l a r  s t r u c t u r e  b r i n g s  ab o u t  such 
v a r i a t i o n  as  v e r y  s m a l l  f r a g m e n t s  of  c r y s t a l s  a r e  c h i p p e d  
o f f  i n  t h e  a c t  o f  c l e a v i n g .
The c l e a v a g e  s t e p s  a r e  i n c l i n e d  to  a d j a c e n t  f a c e s  
on e i t h e r  s i d e  o f  a c l e a v a g e  l i n e  i n  some c a s e s  o f  diamond 
and th e  i r r e g u l a r i t y  i n  s u r f a c e  s t r u c t u r e  b e tw e e n  two m a jo r  
c l e a v a g e s  l i n e s ,  a s  i n  t h e  c a se  o f  c r y s t a l  E s u g g e s t  
c o n c h o i d a l  f r a c t u r e  be tw een  t h e  two m ain  l i n e s .  The 
v a r i a t i o n  i n  t h e  c o n d i t i o n s  o f  g row th  o f  d i f f e r e n t  c r y s t a l s  
and t h e i r  s t r u c t u r a l  i m p e r f e c t i o n s  a l s o  d e c i d e  th e  q u a l i t y  
o f  c l e a v a g e .
T e r m in a t in g  c l e a v a g e s  i n  th e  s u r f a c e ,  i f  i n  s i n g l e  
l i n e ,  s u g g e s t  th e  p r e s e n c e  o f  d i s l o c a t i o n ,  b u t  c l e a v a g e s ,  
fo rm in g  V shape i s  o n ly  a s t r a i n  p a t t e r n .
f'.'
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CHAPTER 12
INTRODUCTION ON ETCHING IN GENERAL 
I f  a c r y s t a l  f a c e  i s  a c t e d  upon by a s o l v e n t  t h a t  
p h y s i c a l l y  o r  c h e m i c a l l y  d i s s o l v e s  i t ,  t h e  f a c e  becomes 
p i t t e d  w i th  r e g u l a r  f i g u r e s  of  m i c r o s c o p i c  s i z e .  These  
d e f i n i t e l y  sh ap ed  s o l u t i o n  c a v i t i e s  p ro d u c e d  by momentary 
o r  p r o l o n g e d  a c t i o n  o f  s o l v e n t  upon th e  c r y s t a l  f a c e  a r e  
known as  e t c h  f i g u r e s .  The shape  and d i s t r i b u t i o n  o f  t h e s e  
p i t s  a r e  d i r e c t l y  a t t r i b u t e d  t o  th e  s o l v e n t  and th e  m o l e c u l a r  
c o n f i g u r a t i o n  o f  the  c r y s t a l .
I f  a s p h e r e  i s  made by g r i n d i n g  down a c r y s t a l  and 
p u t  i n  a s o l v e n t ,  i t  i s  t u r n e d  i n t o  p o ly h e d r o n  form  due to  
d i f f e r e n t  v e l o c i t i e s  o f  d i s s o l u t i o n  i n  d i f f e r e n t  d i r e c t i o n s  
and t h e s e  s u r f a c e s  a r e  v e r y  commonly c u rv e d  b e i n g  b u i l t  up 
o f  v i c i n a l  f a c e s  o f  s e v e r a l  o r d e r s  and n o t  q u i t e  s u i t e d  f o r  
q u a n t i t a t i v e  m e a s u re m e n ts .  The f i r s t  o b s e r v a t i o n  of  e t c h  
p i t s  was done by D a n i e l l  (1816)  and th e  e a r l i e s t  d e t a i l e d  
s t u d y  i s  due to  l e y d o I t  ( 1 8 5 5 ) .  I n  t h e  l a s t  f o u r  d ec a d e s  
o f  t h e  19 t h  c e n t u r y  th e  p r i n c i p a l  c o n t r i b u t i o n s  on e t c h  
phenomena were made b y  German S c i e n t i s t s ,  q u i t e  n o t a b l e  
ones  on t h e o r y  and a p p l i c a t i o n  o f  e t c h  method were made by 
Baumhauer,  Be eke ,  Beckenlcamp, W ulf f  and o t h e r s .  Baumhauer,  
i n  1894-, p u b l i s h e d  a d e t a i l e d  s t u d y  o f  e t c h  m ethod.  The 
r e s e a r c h e s  o f  t h e s e  w o rk e rs  were  on m i n e r a l  and o t h e r  
c r y s t a l s  and t h e y  gave t h e o r e t i c a l  c o n s i d e r a t i o n s  to  the
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q u e s t i o n s  on c o n t r o l l i n g  th e  deve lopm en t  o f  c a v i t i e s  and 
t h e i r  r e l a t i o n  to  c r y s t a l l i n e  m o le c u le  and c r y s t a l  symmetiy .
I n  th e  2 0 th  c e n t u r y ,  G o ld s c l m id t ,  W r ig h t ,  K e l l e r ,  
McNarian and o t h e r s  made g o n i o m e t r i c  and p r o j e c t i o n  s t u d i e s  
on e t c h  f i g u r e s  and Honess  (1927)  h a s  g i v e n  a d e t a i l e d  a c c o u n t  
YJith f u l l  b i b l i o g r a p h y  and i l l u s t r a t e d  by many p r a c t i c a l  
e x am p le s .  Not much s i g n i f i c a n t  work h a s  been  done s i n c e  
t h e n .  B u ck ley  (1951)  h a s  g i v e n  some i n f o r m a t i o n  a b o u t  th e  
e x i s t i n g  d a t a  on e t c h .
The e t c h  f i g u r e s  a r e  o f t e n  m in u te  d e p r e s s i o n s  b u t  
som etim es  m in u te  e l e v a t i o n s  o r  h i l l o c k s  a r e  a l s o  o b s e r v e d .
The e t c h  h i l l o c k s  can  be  i n t e r p r e t e d  a s  t h e  i n t e r v e n i n g  
s p a c e s  b e tw e en  e t c h  p i t s ,  t h e  r e s t  o f  t h e  c r y s t a l  b e i n g  
e a t e n  away. Examples  o f  b o t h  k i n d s  a r e  known and som etim es  
i t  i s  d i f f i c u l t  to  d e c id e  w h e th e r  a f e a t u r e  i s  a g row th  o r
a n a t u r a l  e t c h  f i g u r e ,  A c o n f u s i o n  of  t h i s  t y p e  d i d  e x i s t
* :
i n  t h e  c a s e  o f  diamond.
The c a u s e s  o f  such  l o c a l i s e d  a t t a c k  i n s t e a d  of  
un ifo rB i  d i s s o l u t i o n  o v e r  a whole  f a c e  h a s  b e e n  much d i s c u s s e d  
and two e x p l a n a t i o n s  have  been  o f t e n  o f f e r e d .  The f i r s t  i s  
t h a t  t h e  p i t s  o r i g i n a t e  f rom  chance  d e f e c t s  o r  i n c l u s i o n  
o f  i m p u r i t i e s  and  t h e  seco n d  t h a t  t h e y  a r e  due to  c o n v e c t i o n  
c u r r e n t  i n  s o l v e n t .  Both may be  shown to  be i n a d e q u a t e  as  
p o i n t e d  o u t  by  Desech (1934)  i n  t h e  f o l l o w i n g  way. I f  a 
c r y s t a l  o f  alum i s  grown on a s l i d e  and th e n  d i s s o l v e d ,  t h e
79.
u s u a l  e t c h  p i t s  a p p e a r  though  no i m p u r i t y  i s  p r e s e n t  and
so a l s o  by  s t r o k i n g  a c r^^s ta l  o f  alum once o v e r  a l e a t h e r
on YJhich a s i n g l e  d rop  o f  w a t e r  i s  p l a c e d  e t c h  f i g u r e  i s
p ro d u c e d  a l t h o u g h  t h e  p o s s i b i l i t y  o f  c o n v e c t i o n  c u r r e n t  i s
e x c lu d e d .  The f i g u r e s  m ust  t h e r e f o r e  depend  i n  some way
on th e  p e c u l i a r i t y  i n  s t r u c t u r e  o f  th e  c r y s t a l .  The chance
d e f e c t s  o f  c o u r s e  g iv e  way f i r s t  as  w i l l  be shown l a t e r  i n
c a se  o f  diamond. E v id en ce  i s  shown t h a t  b r e a k i n g  down o f
c r y s t a l s  by  s o l v e n t  may some t im e  t a k e  the  form of
d i s l o d g e m e n t  o f  s m a l l  b l o c k s  f rom  c r y s t a l s  which t h e n
u n d e rg o  i n t o  s o l u t i o n .  From th e  o b s e r v a t i o n s  known i t  may
be assumed t h a t  t h e  '^''^aces b i n d i n g  e t c h  f i g u r e s  a r e  p l a n e s
o f  r a t i o n a l ,  tho u g h  n o t  s i m p l e ,  i n d i c e s  l y i n g  i n  d e f i n i t e
c r y s t a l  z o n e s  a n a lo g o u s  to  v i c i n a l  f a c e s  and i t  i s  w e l l
known, a s  m e n t io n e d  i n  C h a p te r  I  t h a t  t h e  so c a l l e d  v i c i n a l
f a c e s  a r e  o f  g r e a t  im p o r ta n c e  i n  d i s p l a y i n g  t h e  c r y s t a l
symmetry and g row th  mechanism. The s i m i l a r i t y  be tw een
e t c h  and v i c i n a l  f a c e s  a t  once s u g g e s t s  th e  im p o r ta n c e  of
(ÇLe t c h  f i g u r e s  i n  a s i m i l a r  c a p a c i t y .  S i n c ^ n u m b e r  o f  e t c h
f a c e t s  o f  a c o r r o d e d  c r y s t a l  t a k e n  t o g e t h e r  c o r r e s p o n d  to
¥
a n e g a t i v e  c r y s t a l  o f  t h e  s u b s t a n c e ,  t h e r e  must be  a d i r e c t  
r e l a t i o n  be tw een  th e  f a c e t s  b o u n d in g  a f i g u r e  and t h e  
m o l e c u l a r  a r r a n g e m e n t  o f  th e  f a c e  upon which  i t  o c c u r s  and 
d o u b t l e s s ,  t h e  same c a u s e s  t h a t  a r e  i n s t r u m e n t a l  i n  th e
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deve lopm ent  o f  n a t u r a l  c r y s t a l  f a c e s  a r e  o p e r a t i v e  i n  th e  
g ro w th  o f  e t c h  p i t s .
G o ld sch m id t  h a s  shown t h a t  d u r i n g  th e  f o r m a t i o n  o f  
e t c h  c a v i t y  t h e r e  a r e  two o p p o s in g  f o r c e s  a t  work, one 
s t r i v i n g  f o r  a ro u n d e d  p i t ,  t h e  o t h e r  f o r  deve lopm en t  o f  
d e f i n i t e  c r y s t a l  f a c e s ,  w i th  th e  r e s u l t  t h a t  f a c e t s  o f  
v i c i n a l  c h a r a c t e r  a r e  o f t e n  p ro d u c e d .  H oness  s u g g e s t s  t h a t  
such  f a c e s  a r e  se ldom  t r u l y  c u rv e d  h u t  may o f t e n  r e p r e s e n t  
s e r i e s  o f  i n d i v i d u a l  r e f l e c t i n g  s u r f a c e s ,  p l a n e  i n  c h a r a c t e r  
h u t  g i v i n g  i n  t h e i r  p r o g r e s s i o n ,  th e  e f f e c t  o f  a r o u n d e d  
s u r f a c e .  E x p e r im e n ts  on e t c h i n g  o f  diamond a t  lo w er  
t e m p e r a t u r e  r a n g e  ( 500° -  600° c )  were r e p o r t e d  by T o la n s k y  
and Omar (1952) d e t a i l s  o f  w h ic h  Y à l l  be  c o n s i d e r e d  a lo n g  
w i th  d i s c u s s i o n  on e t c h i n g  o f  diamonds s e p a r a t e l y .  They 
found  t h a t  the  e t c h  p i t s  i n  t h e  form o f  v e r y  t i n y  t r i a n g u l a r  
d e p r e s s i o n s  were l y i n g  a lo n g  one t u r n  o f  a s p i r a l  and t h a t
s =
f e a t u r e ;  was a s s o c i a t e d  w i t h  the  growth  s p i r a l  due to  screw  
d i s l o c a t i o n .  Horn (1952) and G ev e rs ,  A m elinckx  and D ekeyser  
( 19 5 2 ) e t c h e d  SiC c r y s t a l s  t o  l o o k  f o r  s i m i l a r  e f f e c t s .
The e x p l a n a t i o n  on d i s l o c a t i o n  c o n c e p t i o n  can be t r e a t e d  
a s  f o l l o v f s : -  '
According to  th e  idea of Frank, dislocations TJhich 
provide steps for the g ro w th  of the crystal s h o u ld  also 
promote the development of etch pits with the d i f f e r e n c e  
that whereas th e  "line tension" of a dislocation draws it
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away from a s a l i e n t  c o r n e r  so t h a t  one d i s l o c a t i o n  w i l l  
p r o v i d e  g ro w th  f o r  one f a c e  o n l y ,  i t  h o l d s  i t  a t  r e e n t r a n t  
c o r n e r  so t h a t  a s i n g l e  d i s l o c a t i o n  s h o u ld  he a b l e  to  p rom ote  
t h e  deve lopm en t  o f  t h r e e  o r  f o u r  f a c e s  i n  an  e t c h  p i t .
By e t c h i n g  th e  c r y s t a l  t h e  r e v e r s e  p r o c e s s  ( i . e . ,  
d i s s o l u t i o n )  o f  g ro w th  s p i r a l  may be o b s e r v e d .  I n  o r d e r  to  
a t t a c k  th e  r e g i o n  o f  screw d i s l o c a t i o n  p r e f e r e n t i a l l y  th e  
c h e m ic a l  e t c h i n g  s h o u ld  be r a p i d  s i n c e  d i s s o l u t i o n  a t  t h e  
e q u i l i b r i u m  c o n d i t i o n s  would c a u s e  a g e n e r a l  d i s i n t e g r a t i o n  
o f  th e  c r y s t a l .  B o m  (1952)  s t u d i e d  e t c h  f i g u r e  p ro d u c e d  
on S i c  c r y s t a l  e x h i b i t i n g  g ro w th  s p i r a l s ,  by  t r e a t i n g  t h e  
c r y s t a l  i n  f u s e d  a l k a l i  c a r b o n a t e  a t  1000°G. I t  was o b s e r v e d  
t h a t  g row th  s p i r a l s  were o b l i t e r a t e d  i n  two m in u t e s  and t h e  
c e n t r e  o f  e a c h  s p i r a l  becomes in d e x e d  w i t h  v e r y  f i n e  p i t  
v/hich i n  s u c c e s s i v e  t r e a t m e n t s  e n l a r g e s  and  d eepens  and 
g r a d u a l l y  t a k e s  h e x a g o n a l  s h a p e .  I n , a d d i t i o n  many e t c h  p i t s  
a l s o  a p p e a r  a t  p l a c e s  where no v i s i b l e  s p i r a l s  a r e  f o u n d .
O f ten  t h e s e  a r e  a r r a n g e d  i n  rows making 3 0 ,  6 o ,  1 2 0 ,  90 d e g re e  
a n g l e s  c h a r a c t e r i s t i c  o f  h e x a g o n a l  symmetry o f  th e  c r y s t a l  
f a c e .  G evers  and o t h e r s  (1952) have  a l s o  o b s e rv e d  t h a t  
d i s l o c a t i o n s  a r e  g e n e r a l l y  c e n t r e s  f o r  ch e m ic a l  e t c h i n g .
E x p e r im e n ts  on e t c h i n g  w ere  done by  th e  a u t h o r  on 
a few c r y s t a l s  b u t  i n  th e  p r e s e n t  work t h e  d e t a i l e d  s y s t e m a t i c  
work on th e  e t c h i n g  o f  diamond w i l l  be m e n t io n e d .  B e fo r e  
t h a t  i s  d e s c r i b e d  i t  w i l l  be  i n t e r e s t i n g  to  have a r e v ie w  o f
82.
t h e  p r e v i o u s  work on e t c h i n g  o f  diamond.
E tc h  f i g u r e s  p ro d u c e d  by d i s s o l u t i o n  i n  magma a r e  
r a r e l y  o b s e r v e d  on t h e  n a t u r a l  o c t a h e d r o n  f a c e s  o f  a 
diamond. G.Rose ( 1 8 7 2 ) r e p o r t e d  ab o u t  su c h  o b s e r v a t i o n  
and gave a s k e t c h  r e p r o d u c e d  i n  f i g u r e  46,
Fersmann and G o ld sch m id t  ( i g i l )  o b s e r v e d  them on 
r a r e  sp ec im en s  and A .F .W i l l i a m s ,  who examined a h u n d re d  
th o u s a n d  c a r e t s  o f  d iamonds,  fo u n d  o n ly  one spec im en  on 
which  n a t u r a l  e t c h  p i t s  were o b s e r v e d .
L u z i  ( 18 9 2 ) c a r r i e d  o u t  e x p e r i m e n t s  on c o r r o s i o n  
o f  diamond i n  m o l t e n  b l u e  g ro u n d .  The c r y s t a l s  were ex p o sed  
f o r  20 -  30 m in u t e s  a t  1770°C i n  k i m b e r l i t e  f l u x .  He 
o b t a i n e d  i r r e g u l a r  s c a r s  i n s t e a d  o f  t r i a n g u l a r  e t c h  p i t s  
and t h e  s u r f a c e  v/as b a d l y  damaged. The c o r r o s i o n  was due 
to  t h e  p r e s e n c e  o f  oxygen i n  th e  f l u x  and th e  id e a  t h a t  
b lu e  g ro u n d  was t h e  o r i g i n a l  m a t r i x ' o f  diamond was p r o v e d  
t o  be wrong.
Fersm ann and G o ld sch m id t  ( I 9 I I )  c a r r i e d  o u t  
e x p e r i m e n t s  on e t c h i n g  d iam onds ,  o c t a h e d r a  and c l e a v a g e s  
t o  a t e m p e r a t u r e  o f  900°C i n  p o t a s s i u m  n i t r a t e  o r  soda  f l u x e s  
f o r  l o n g  t im e s  e x t e n d i n g  to  s e v e r a l  h o u r s .  They g o t  ro u n d ed
t r i a n g u l a r  e t c h  p i t s .  They were m a in ly  c o n c e rn e d  w i th  
t h e i r  t h e o r y  o f  h em ih ed r i sm  and no m easu rem en ts  on th e  e t c h  
p i t s  w ere  done.  They compared th e  n a t u r a l  and e t c h e d
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f e a t u r e s  by s e e i n g  t h e  ty p e  o f  r e f l e c t i o n s  o b t a i n e d  on a 
g o n io m e te r .  L i g h t  s i g n a l s  i n  th e  form  o f  s t r a i g h t  l i n e s  
and p o i n t s  were c o n s i d e r e d  t o  be f rom  th e  g ro w th  f e a t u r e s  
w h e rea s  b e n t  l i n e s  and p a t c h e s  o f  d i f f e r e n t  sh a p es  were 
t a k e n  t o  be  f rom  s o l u t i o n  f e a t u r e s .
A .F .W i l l i a m s  (1932) c a r r i e d  o u t  a number o f  e x p e r i m e n t s  
on e t c h i n g  and u s e d  p h o to m ic r o g ra p h y  t o  r e c o r d  th e  g row th  
and e t c h  f e a t u r e s .  The e x p e r i m e n t s  were c a r r i e d  o u t  a t  
De B e e r s  l a b o r a t o i y .  A diamond oc tahed ron /qvas  sub jec t^^ to  
e t c h i n g  f o r  2 h o u r s  i n  p o t a s s iu m  n i t r a t e  f l u x  a t  900°C. was 
fo u n d  to  l o s e  l / 3 r d  o f  i t s  w e i g h t .  N o th in g  new by way o f  
s p e c i a l  i n f o r m a t i o n  was found  by  him. He, how ever ,  s t r e s s e d  
th e  p o i n t  t h a t  the  edges  o f  th e  o c t a h e d r o n  r em a in ed  s h a r p  
and ro u n d e d  t r i a n g u l a r  e t c h  p i t s  w i t h  t h e i r  s i d e s  p a r a l l e l  
to  t h e  edges  o f  th e  f a c e s  were formed.  These  p i t s  were  
o r i e n t e d  i n  a way o p p o s i t e  to  t h e  t r i g o n s ,  th e  s h a l lo w  
d e p r e s s i o n s  on a n a t u r a l  f a c e  due t o  g ro w th  w h ich  have t h e i r  
c o r n e r s  p o i n t i n g  to w a rd s  th e  e d g e s  o f  th e  o c t a h e d r o n  f a c e .
I n  th e  c a s e  o f  cube f a c e s  th e  e t c h  p i t s  a r e  s q u a re  i n  shape  
and t h e i r  s i d e s  a r e  a l s o  p a r a l l e l  to  t h e  edges  of  a cube 
f a c e .  They a l s o  d i f f e r e d  f r o m ' t h e  n a t u r a l  g rowth  s q u a re  
p i t s  s e e n  on a n a t u r a l  cube f a c e .  The c o m p a r a t iv e  
o r i e n t a t i o n  o f  e t c h  and g row th  f e a t u r e s  on o c t a h e d r o n  and 
cube f a c e s  a r e  g iv e n  i n  a s k e t c h  as  shown i n  f i g u r e  46.
I n  th e  s k e t c h  t h e  e t c h  f i g u r e s  a r e  w i th  s t r a i g h t  edges  o n ly
&‘l.r-7T--
&
4 6  c<x.)
!
4
m
Kti’M
84.
t o  g iv e  t h e  i d e a  o f  o r i e n t a t i o n  and i n  a c t u a l  o b s e r v a t i o n s  
t h e s e  a r e  ro u n d e d .  W ilcock  ( 19 5 1 ) c a r r i e d  o u t  e x p e r i m e n t s  
on e t c h i n g  a t  low t e m p e r a t u r e s  as  he  r e a l i s e d  t h a t  the  
c r y s t a l  s u r f a c e s  g o t  damaged a t  h ig h  t e m p e r a t u r e s  as  was 
t h e  ca se  w i t h  th e  p r e v i o u s  w o r k e r s .  He e t c h e d  diamonds 
b e tw e e n  200^0. to  600^C. and fo u n d  t h a t  some e t c h i n g  d id  
happen .  He c o u ld  n o t ,  how ever ,  g e t  any d e f i n i t e  i n f o r m a t i o n  
ab o u t  th e  shape o f  e t c h  p i t s  a s  he depended  m a in ly  on 
i n t  e r f  erome t r y  v j i th  low power o b j e c t i v e s .
I t  a p p e a r s  r e a s o n a b l y  w e l l  e s t a b l i s h e d  t h a t  i n  t h e s e  
c a s e s  oxygen  was l i b e r a t e d  and t h e  e t c h i n g  mechanism was 
e s s e n t i a l l y  an o x i d a t i o n  p r o c e s s .  I t  i s  w e l l  known, t o o ,  
t h a t  diamonds g e t  e t c h e d  when h e a t e d  i n  oxygen .
M.Omar ( 1 9 5 3 ) s t a r t e d  e x p e r i m e n t s  on e t c h i n g  o f  
diamond a t  a c o m p a r a t iv e  low t e m p e r a t u r e  r a n g e  o f  5 25^9.  
t o  650^0 .  The e x p e r i m e n t a l  p r o c e d u r e  was t h e  same as  
f o l l o w e d  by p r e v i o u s  w o r k e r s .  T o la n s k y  and Omar (1952) 
r e p o r t e d  e t c h  s p i r a l  i n  th e  fo rm  o f  a row o f  t r i a n g u l a r  
p i t s  maleing th e  shape  o f  one t u r n  o f  a s p i r a l .  T h is  p seudo  
s p i r a l  i s  n o t  one c o r r e s p o n d i n g  to  t h e  growth  s p i r a l  which 
i s  th e  co nsequence  o f  c r y s t a l  g row th  by s p i r a l  mechanism 
o b s e r v e d  by Verma (1951)  f rom t h i s  l a b o r a t o r y  on s i l i c o n  
c a r b i d e .  I t  i s ,  a s  h a s  now been  e s t a b l i s h e d ,  t h e  r e s u l t  
o f  p r e f e r e n t i a l  e t c h i n g  i n  th e  f i r s t  s t a g e  a lo n g  s u r f a c e
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f l a w s ,  as  d i s c u s s e d  i n  th e  r e s u l t s  d e s c r i b i n g  the  whole 
p r o c e s s  o f  e t c h i n g .  The o t h e r  o b s e r v a t i o n s  which Omar 
r e p o r t e d  were ab o u t  th e  d i s t r i b u t i o n  o f  e t c h  p i t s  on th e  '
o c t a h e d r o n  f a c e s .
C u s t e r s  ( I 9 5 4 ) has  r e c e n t l y  p u b l i s h e d  r e s u l t s  of  
h i s  e x p e r im e n t s  on e t c h i n g  diamond i n  a i r  a t  1400^0. f o r  
2 m in u te s .  He o b s e rv e d  e t c h e d  t r i a n g u l a r  p i t s  on a s l i g h t l y  
p o l i s h e d  (111) c l e a v a g e  f a c e .  He r e p o r t e d  f o r m a t i o n  of  
b r i d g e s  s t a r t i n g  f rom  th e  c e n t r e s  o f  t h e  s i d e s  o f  th e  
e t c h e d  t r i a n g u l a r  p i t  and m e e t in g  a t  t h e  c e n t r e .  He o b s e rv e d  
t h a t  w e l l  d e v e lo p e d  e t c h  p i t s  w i th o u t  b r i d g e s  seemed t o  be 
a r r a n g e d  a lo n g  s p i r a l s .  He c a l l s  t h e s e  p i t s  e t c h  t r i g o n s  
and th e  t r i g o n s  as  th e  n e g a t i v e  growth trigons.C^^c
The a u th o r  c o n t i n u e d  th e  work s t a r t e d  by Omar i n  a 
more s y s t e m a t i c  way and i n  a d d i t i o n  to  e t c h i n g  o f  n a t u r a l  
o c t a h e d r a ,  e x te n d e d  the  e t c h i n g  e x p e r im e n t s  to  p o l i s h e d  
d o d ec ah ed ro n  and cube f a c e s .  A l l  the  t e c h n i q u e s  d e s c r i b e d  
i n  P a r t  I I  were u s e d  t o  s t u d y  t h e  s u r f a c e s .
The e x p e r i m e n ta l  o b s e r v a t i o n s  w i l l  be f i r s t  d e s c r i b e d  
t a k i n g  each  c r y s t a l  s e p a r a t e l y  and th en  a g e n e r a l  d i s c u s s i o n  
f o r  a l l  o f  them w i l l  be t a k e n  up .  The diamonds were
s e l e c t e d  from l a r g e  s t o c k s  and were chosen  so t h a t  some had 
v e r y  smooth s u r f a c e s .  There  was o n ly  one diamond w i th  two 
p o l i s h e d  d odecahed ron  f a c e s  and two diamonds which  had
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polished cube f a c e s .  They w ere  checked up for their ultra­
violet transparency to classify in types I and II by the  
use of Hilger*s medium Quartz s p e c t r o g r a p h .  After a 
preliminary examination by the optical techniques they were 
heated in an electric oven thermostatically controlled to 
+ lO^G. for one hour each  time in fused potassium nitrate 
in either a nickel or a platinum crucible. After h e a t i n g  
for one hour a t  a given temperature each  diamond was removed 
and a f t e r  usual cleaning,was exaiained carefully. This 
procedure was carried through up to 700^0. in the r a n g e  
of 500°C. to 700°G. Beyond 700°G. the e x t e n t  of surface 
destruction made the effects too coarse for any optical 
t e c h n i q u e .  The d e t a i l s  of the e x p e r i m e n ta l  results are 
described in s u b s e q u e n t  chapters.
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CHAPTER 13 
NATURAL OCTAHEDRON FACES
C r y s t a l  Eg (b )  t y p e  I
T h is  c r y s t a l  had  two p o l i s h e d  d o d ec ah ed ro n  f a c e s  
and th e  r e s t  o f  the  o c t a h e d r o n  f a c e s .  Two o f  the  o c t a h e d r o n  
f a c e s  were  s t u d i e d  c a r e f u l l y  i n  d e t a i l .  E ig u r e  4-7 a, b ,  
c,  d, g iv e  th e  whole c r y s t a l  f a c e  a t  low m a g n i f i c a t i o n  i n  
s u c c e s s i v e  s t a g e s ,  4 7 (a )  r e p r e s e n t s  t h e  f a c e  b e f o r e  e t c h i n g .  
I t  was t h e n  e t c h e d  a s  d e s c r i b e d  i n  t h e  p r e v i o u s  c h a p t e r  a t  
550^C . ,  600°C. r e s p e c t i v e l y  f o r  one h o u r  each  t im e and 
exam ined .  The f i g u r e s  47 ( b ) ,  ( c ) , d, show th e  s u r f a c e  
a f t e r  e t c h i n g  a t  550°C, 600°C. and 650°C. r e s p e c t i v e l y .  The 
d e e p e r  t r i g o n  on th e  l e f t  hand s i d e  o f  t h e  f i g u r e  marked A 
h as  t u r n e d  i n t o  a hexagon  i n  t h e  f i n a l  s t a g e .  The r e g i o n  
s u r r o u n d i n g  t h i s  hexagon ,  where t h e r e  i s  no s p e c u l a r  
r e f l e c t i o n  r e v e a l s  some s t r i k i n g  new f e a t u r e s  u n d e r  h ig h  
power o b j e c t i v e s .
B lock  P a t t e r n s  shown i n  f i g u r e  48 ( a )  i s  a p h o to ­
m ic ro g r a p h  t a k e n  by c a t o p t r i c  o b l i q u e  i l l u m i n a t i o n  and 
f i g u r e  48 (b)  i s  th e  i n t e r f e r o g r a m  o v e r  th e  Sgme a r e a .
The i n t e r f e r e n c e  p i c t u r e  was t a k e n  by u s i n g  an u n s i l v e r e d  
m ic ro s c o p e  c o v e r s l i p  as  an  o p t i c a l  f l a t  and a 3 mm. o b j e c t i v e  
c o r r e c t e d  f o r  th e  t h i c k n e s s  o f  c o v e r s l i p  u s e d  i n  b i o l o g i c a l
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s t u d i e s .  The r e f l e c t i v i t y  o f  u n s i l v e r e d  diamond b e i n g  24^ 
f a i r l y  good i n t e r f e r e n c e  f r i n g e s  a s  shown i n  t h e  f i g u r e  
c o u l d  be  o b t a i n e d .  The b l o c k  p a t t e r n  had  s t a r t e d  t o  a p p e a r  
a t  600^G, b u t  became more p r o m in e n t  r e v e a l i n g  d e f i n i t e  
c r y s t a l l o g r a p h i c  p l a n e s  a t  650^0 .  F i g u r e  48 ( c )  i s  t h e  
l i g h t  p r o f i l e  o v e r  one such  b l o c k  and i t  i m m e d ia t e l y  
d i s c l o s e s  the  f a c t  t h a t  i t  i s  a d e p r e s s i o n  o r  an  e t c h  p i t  
and n o t  an e l e v a t i o n  a s  i t  a p p e a r s .  A l i g h t  p r o f i l e  p i c t u r e  
o v e r  a b i g  c r a t e r - l i k e  d e p r e s s i o n  i n  t h e  saiae r e g i o n  i s  
g i v e n  i n  f i g u r e  48 ( d ) , The c r y s t a l l o g r a p h i c  p l a n e s  o f  th e  
s i d e s  o f  t h e s e  e t c h  p i t s  w ere  i d e n t i f i e d  u s i n g  a g o n io m e te r  
and m apping  a s t e r e o g r a m  as  e x p l a i n e d  i n  c h a p t e r  5 ,  P a r t  I I ,  
The a n g l e s  e v a l u a t e d  a g r e e d  f a i r l y  w i t h  t h o s e  c a l c u l a t e d  
by  i n t e r f e r e n c e  f r i n g e s .  The p l a n e s  d e t e r m i n e d  were  ( 2 2 1 ) ,  
( 1 2 2 ) ,  ( 2 1 2 ) a s  t h e  m os t  p r o m in e n t  o n e s  and ( 3 3 1 ) ,  ( 3 I 3 ) 
l e s s  p r o m in e n t  w h ic h  on f u r t h e r  e t c h i n g  a p p e a r e d  to  be  
t u r n i n g  i n t o  (334 )  e t c . , b u t  t h a t  i n f o r m a t i o n  c a n n o t  be 
r e l i e d  upon  a s  t h e  s u r f a c e  g e t s  r o u n d e d  and no d e f i n i t e  
m ean in g  can  be  g iv e n  to  such  m e a s u re m e n t s .  The i n t e r f e r o g r a m  
shows c l e a r l y  t h a t  th e  e t c h  p i t s  a r e  t r i a n g u l a r  i n  sh ap e  
and v a r y  i n  d e p t h s  up to  The s h a l lo w  t r i g o n s  o r i g i n a l l y
p r e s e n t  g e t  l o s t  i n  t h e  f i n a l  s t a g e .  A n o th e r  o c t a h e d r o n  
f a c e  o f  t h i s  c r y s t a l  a l s o  showed s i m i l a r  b e h a v i o u r .
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Crystal G-q (b)
T h i s  was a ty p e  I  diaraond. I n  t h e  c a s e  o f  t h i s  
c r y s t a l  t h e  t e m p e r a t u r e s  a t  w h ich  e t c h i n g  was done were  
i n c r e a s e d  i n  l a r g e  s t e p s  o f  100°G. e a c h  t i m e .  The e t c h i u g  
was q u i t e  v i g o r o u s  a t  h i g h e r  t e m p e r a t u r e s .  At 500^0 .  n o t h i n g  
n o t i c e a b l e  h a p p e n e d  to  t h e  s u r f a c e  a s  i n  p r e v i o u s  c a s e s .
At 600°C. t h e  e t c h i n g  was q u i t e  h eav y  and th e  s u r f a c e  
a p p e a r e d  f u l l  o f  t r i a n g u l a r  e t c h  p i t s  d i s t r i b u t e d  a t  random. 
F i g u r e  4 9 ( a )  shows th e  s u r f a c e  b e f o r e  e t c h i n g  and 49 (b)  
shows a f t e r  e t c h i n g  a t  600°C. As t h e  e t c h i n g  was c a r r i e d  
o u t  a t  700^0 .  t h e  w ho le  s u r f a c e  a p p e a r e d  a s  shown i n  
f i g u r e  49 (c )  w i t h  t h e  e t c h  p i t s  a r r a n g e d  i n  some o r d e r  
p r e s u m a b ly  a l o n g  th e  t h r e e  d i r e c t i o n s  a s  can  b e  s e e n  i n  t h e  
f i g u r e .  The s m a l l e r  e t c h  p i t s  m e rg in g  t o g e t h e r  t o  form 
th e  b i g g e r  o n e s .  The c e n t r a l  r e g i o n  o f  t h e  f a c e ,  w h ic h  does  
n o t  g i v e  s p e c u l a r  r e f l e c t i o n  was e t a m in e d  u n d e r  f a i r l y  h i g h  
power o b j e c t i v e s  (1 2  and  8 mm.) .  The b l o c k  p a t t e r n s  a s  
o b s e r v e d  i n  th e  p r e v i o u s  c a s e ,  a r e  a t  once  n o t i c e d .  The 
p h o t o m i c r o g r a p h  and th e  i n t e r f e r o g r a m  o f  t h i s  p a t t e r n  a r e  
g iv e n  i n  f i g u r e  50 ( a )  and ( b ) .  These  a r e  s e e n  o n l y  a t  
X 260 and  a r e  t h u s  q u i t e  l a r g e  and w e l l  m arked  p r o b a b l y
b e c a u s e  o f  t h e  more p o w e r f u l  e t c h i n g  a t  h i g h e r  t e m p e r a t u r e .
/
The f i g u r e  5(XCTgives l i g h t  p r o f i l e  o v e r  one such  f e a t u r e .
The p l a n e s  o f  t h e  s i d e s  o f  e t c h  p i t s  w ere  i d e n t i f i e d  as
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b e f o r e  by  m e a s u r i n g  th e  i n t e r f a c i a l  a n g l e s  by  g o n io m e t r y .
The p l a n e s  r e c o r d e d  were  ( 2 2 1 ) ,  ( 1 2 2 ) ,  (212)  a s  t h e  o n l y  
p r o m in e n t  o n e s .  No o t h e r  p l a n e s  were  n o t i c e a b l e  i n  t h i s  
c a s e .  The p i t s  w ere  q u i t e  deep  and were  o f  t h e  o r d e r  of  
6 to  8
The s e c o n d  f a c e  a l s o  was examined i n  th e  same way 
each  t im e  and th e  same s e t  o f  e t c h i n g  p r o c e s s  was n o t i c e d .
As t h e  t e m p e r a t u r e  was f u r t h e r  p u s h e d  up to  800^0 .  
th e  w ho le  s u r f a c e  was damaged and no o p t i c a l  t e c h n i q u e  c o u l d  
be  u s e d  to  s e e  th e  s u r f a c e  w h ich  became v e r y  i r r e g u l a r l y  
p i t t e d  and c o a r s e .  The w e ig h t  o f  th e  c r y s t a l  i n  t h i s  
f i n a l  e t c h i n g  a l o n e  was l o s t  by  27/^.
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Crystal G (4) ( a ) ,  type I
T h i s  c r y s t a l  h ad  v e r y  smooth s u r f a c e  w i th  f e a t u r e s  
show ing  c l e a r l y  t h e  l a y e r s  p r o g r e s s i n g  and e n t r a p p i n g  
t r i g o n s .  Nigui 'e 3 i n  P a r t  I  i s  a p a r t  o f  th e  s u r f a c e  of  
t h i s  c r y s t a l  t a k e n  w i t h  a p h a s e  c o n t r a s t  m ic ro s c o p e  a t  
(X l o o ) .  T h e re  were s e v e r a l  o t h e r  f e a t u r e s  l i k e  i n c o m p l e t e  
t u r n s  o f  h e x a g o n a l  s p i r a l s  a t  a few p l a c e s  and one such  
f e a t u r e  i s  shown i n  f i g u r e  5 1 ( a ) .  S in c e  t h e s e  f e a t u r e s  
r e s e m b l e d  t h e  o r i e n t e d  r i n g  c r a c k s  r e p o r t e d  by  T o la n s k y  
and  H a l p e r i n  (1954)  f rom  t h i s  l a b o r a t o r y  i t  was t h o u g h t  
n e c e s s a r y  to  s e e  i f  any  p r e f e r e n t i a l  e t c h i n g  t o o k  p l a c e  
a l o n g  t h e s e  f e a t u r e s  due to  s u r f a c e  f l a w s .  The d i s c u s s i o n  
o f  t h i s  w i l l  b e  c o n s i d e r e d  l a t e r .  The f i g u r e  5 1 (b )  shows 
th e  same f e a t u r e  a f t e r  e t c h i n g  f o r  one h o u r  a t  525^0 .  o n l y .  
S e v e r a l  o t h e r  s i m i l a r  f e a t u r e s  r e c o r d e d  b e f o r e  e t c h i n g  
came o u t  v e r y  p r o m i n e n t l y  a f t e r  e t c h i n g  w i t h  rows o f  e t c h  
p i t s  a l o n g  t h e i r  b o u n d a r i e s .  F i g u r e  5 2 shows one r e g i o n  
o f  t h e  same c r y s t a l  s u r f a c e  w here  t h e  d i s t r i b u t i o n  o f  e t c h  
p i t s  i s  m arked .  The e t c h  p i t s  i n s i d e  a t r i g o n  a r e  l e s s  t h a n  
t h o s e  i n  th e  s u r r o u n d i n g  r e g i o n .  The c r y s t a l  v;as n o t  
e t c h e d  f u r t h e r .
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Crystal D5 , type I
The c r y s t a l  h ad  two p o l i s h e d  cube f a c e s .  The s i d e  
f a c e s  were  (111)  p l a n e s  and one o f  them was c a r e f u l l y  
exam ined .  T y/ o  p h o t o m i c r o g r a p h s  a f t e r  e t c h i n g  a t  two 
t e m p e r a t u r e s  5 5 0 ° a n d  GOO^C. o f  th e  same p a r t  o f  t h e  s u r f a c e  
show ing  th e  change i n  t r i g o n  a t  t h e  two s t a g e s  a r e  of  
i n t e r e s t  and a r e  g iv e n  i n  f i g u r e  53 ( a )  and ( b ) .  The 
t r i g o n  i s  t u r n i n g  i n t o  a h e x a g o n .  The row o f  e t c h  p i t s  
a l o n g  i n c o m p l e t e  t u r n s  o f  s p i r a l  sh ap e  a r e  a l s o  q u i t e  
m arked  i n  th e  e a r l i e r  s t a g e s  o f  e t c h i n g .  At TOO^c. th e  
e t c h i n g  was so v i g o r o u s  t h a t  l a r g e  f l a t  b o t to m e d  t r i a n g u l a r  
p i t s  w i t h  d e p th  of  th e  o r d e r  o f  10000 A were  fo rm e d .
F i g u r e  54 shows i n t e r f e r o g r a m  o v e r  t h e  e t c h  p i t s  i n  t h e  
f i n a l  s t a g e .
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D i s c u s s i o n  on E tc l i  Phenom ena.
A f t e r  s t u d y i n g  a l l  t h e  d i f f e r e n t  f e a t u r e s  on s e v e r a l  
c r y s t a l s  which  a r e  t h e  same i n  a more o r  l e s s  g e n e r a l  way 
i t  i s  p o s s i b l e  to  d e s c r i b e  t h e  p r o c e s s  o f  e t c h i n g .  A l th o u g h  
t h e  e t c h i n g  i s  p r o b a b l y  a c o n t i n u o u s  p r o c e s s ,  t h e r e  a p p e a r  
t o  be  t h r e e  r e a s o n a b l y  w e l l  d e f i n e d  s t a g e s ,  and i t  w i l l  be 
c o n v e n i e n t  t o  d e s c r i b e  t h e  lû io le  e t c h  phenomena o b s e r v e d  
i n  su ch  s t a g e s .
S t a g e  1 ; I n  th e  f i r s t  s t a g e ,  w h ic h  a p p e a r s  t o  b e g i n  on 
m ost  o f  th e  d iam onds  s t u d i e d  a t  o r  n e a r  to  525^ 0 , e t c h i n g  
l e a d s  to  a w i d e l y  d i s t r i b u t e d  l a r g e  number o f  e x t r e m e l y  
t i n y  p i t s .  Many a r e  p r e s u m a b ly  below  m i c r o s c o p i c  r e s o l u t i o n ,  
r e v e a l i n g  t h e i r  e x i s t e n c e  by l o c a l  r e d u c t i o n  o f  t h e  
r e f l e c t i n g  power o f  th e  s u r f a c e .
The d i s t r i b u t i o n  o f  t h e s e  s m a l l  f i r s t  s t a g e  p i t s  
a p p e a r  t o  be  o f  two v e r y  d i s t i n c t  . k i n d s :  n am ely  1 ( a )  w i th  
c r y s t a l l o g r a p h i c  o r i e n t e d  p a t t e r n s  and 1 ( b )  w i t h  random 
d i s t r i b u t i o n .
S ta g e  1 ( a )
S ta g e  1 ( a )  i s  n o t  fo u n d  on a l l  c r y s t a l s ,  b u t  w here  
i t  e x i s t s ,  i t  p r e c e d e s  t h e  s t a g e  1 (b )  o f  random  d i s t r i b u t i o n .
The c r y s t a l i o g r a p h i c a l l y  o r i e n t e d  p a t t e r n s  a r e  
a lw ay s  s m a l l  and c o n s i s t  o f  a c o n t ig u o u s  c h a i n s  o f  v e r y  
s m a l l  p i t s  d i s t r i b u t e d  i n  a s p e c i f i c a l l y  o r i e n t e d  m anner .
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u s u a l l y  b a s e d  on a h ex a g o n  p a t t e r n  i n  w h ich  th e  h ex ag o n  
s i d e s  a r e  p a r a l l e l  to  t h e  g ro w th  s h e e t s  and  t o  th e  s i d e s  
o f  t h e  g ro w th  t r i g o n s .  I n  many o f  t h e s e  p a t t e r n s  th e  
i n d i v i d u a l  p i t s  c a n n o t  be r e s o l v e d .  A number o f  su ch  
p a t t e r n s  were  s e e n  i n  e a r l y  s t a g e s  o f  e t c h i n g .  Some o f  
t h e s e  p a t t e r n s  a r e  s p i r a l  i n  c h a r a c t e r  and o t h e r s  form 
c l o s e d  s h a p e s .  The m a j o r i t y  a r e  c l e a r l y  b a s e d  on an 
e q u i l a t e r a l  t r i a n g l e  o r  a r e g u l a r  h ex a g o n .  F i g u r e  55 shows 
how i n d e e d  t h e s e  p a t t e r n s  a r e  r e a l l y  c o n c e n t r a t i o n s  o f  e t c h  
t r i a n g u l a r  p i t s .  I t  i s  n o t e w o r t h y  t h a t  t h e  c o n c e n t r a t i o n  
o f  p i t s  on t h e s e  o r i e n t e d  p a t t e r n s  c o n s i d e r a b l y  e x c e e d s  
b o t h  i n  number and  i n  s i z e  t h e  c o n c e n t r a t i o n  o f  any p i t s  
i n  t h e  s u r r o u n d i n g  a r e a .  A s a t i s f a c t o r y  e x p l a n a t i o n  o f  
t h e s e  u n u s u a l  e t c h  p a t t e r n s  i s  now fo u n d  o u t .  T o la n s k y  
and H a l p e r i n  (1954)  have  fo u n d  on a number o f  v e r y  h ig h  
q u a l i t y  (111)  f a c e s  o f  d i f f e r e n t  d iam onds ,  t h a t  t h e r e  e x i s t s  
on s u c h  f a c e s  h e x a g o n a l  r i n g  c r a c k  p a t t e r n s  w h ich  t h e y  have 
shown by i n t e r f e r o m e t r y  can  be  c o n s i d e r e d  t h e  e q u i v a l e n t  
on d iamond o f  t h e  H e r t z i a n  r i n g  c r a c k s  fo rm ed  on g l a s s e s  
Y/hich have  b e e n  im p a c t e d .  On th e  diamond d e s c r i b e d  
G-q(a) t h e r e  w ere  s u c h  r i n g  c r a c k  f e a t u r e s .  Even on t h e  
b e s t  o f  d iamonds t h e r e  a r e  s m a l l  s u r f a c e  d e f e c t s  o f  e x a c t l y  
t h e  s i z e  a n d  p a t t e r n  as  t h o s e  r e v e a l e d  by  e t c h i n g  a t  t h e  
low t e m p e r a t u r e .  These  d e f e c t s  a r e  p o s s i b l y  c a u s e d  by
95.
im p a c t  w i t h  o t h e r  d iam onds o r  h y  c r u s h i n g  m a c h in e r y  d u r i n g
COrvtC
mining-,^a,re e f f e c t i v e l y  s u r f a c e  c r a c k s  w i th  r a i s e d  ed g es  
above th e  s u r r o u n d i n g  a r e a ,  m o s t l y  below  1000 A.
I t  i s  d i f f i c u l t  to  l o c a t e  s u c h  d e t a i l s  and can be
s e e n  Y/ith d i f f i c u l t y  even  by r e f i n e d  m e th o d s .  I t  i s  fo u n d
t h a t  i f  a diamond h a s  on i t  su ch  a f e a t u r e  t h e n  t h e r e  w i l l  
be  p r e f e r e n t i a l  e t c h  a t t a c k  on t h e  e x p o s e d  l e d g e s  of  th e  
c r a c k e d  r e g i o n .  I n  a s e n s e  t h e n  t h e  e t c h i n g  can be t r e a t e d  
a s  a d e v e l o p i n g  p r o c e s s .  The s i m i l a r i t y  be tv/e en  t h e s e  
o r i e n t e d  e t c h e d  p a t t e r n s  and t h e  r i n g  c r a c k  o b s e r v e d  on even 
‘p e r f e c t *  f a c e  i s  s t r i k i n g .
The r i n g  c r a c k  s e e n  on t h e  f a c e  o f  t h e  c r y s t a l  G-^  ( a )
i s  a t y p i c a l  i l l u s t r a t i o n .  When t h i s  d iamond v/as e t c h e d  a t
loY/ t e m p e r a t u r e  o f  5 25^0.  p r e f e r e n t i a l  e t c h  d e v e lo p e d  
p r e c i s e l y  on t h e  l e d g e s  o f  t h e  r i n g  c r a c k  p a t t e r n .  S e v e r a l  
o t h e r  r i n g  c r a c k  p a t t e r n s  s e e n  on t h i s  c r y s t a l  were  fo u n d  to  
be e t c h e d  p r e f e r e n t i a l l y  on c o m p a r i s o n  and t h u s  i t  i s  
c e r t a i n  t h a t  a l l  t h e  s i m i l a r  e t c h e d  p a t t e r n s  s e e n  on o t h e r  
c r y s t a l s  have  a s i m i l a r  o r i g i n .  I t  can  now be- d e f i n i t e l y  
s a i d  t h a t  p seudo  s p i r a l  e t c h e d  p a t t e r n s  can  i n  no way be 
c o n s i d e r e d  a s  e v i d e n c e  f o r  g ro w th  s p i r a l s  by  d i s l o c a t i o n s
fo u n d  on o t h e r  c r y s t a l s .  As m e n t io n e d  b e f o r e ,  a l a r g e  number 
o f  d iam onds have  b e e n  exam ined  b e f o r e  by s e v e r a l  w o rk e r s  b u t
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no grovjtli s p i r a l s  have  b een  fo u n d  so f a r .
S ta g e  1 (b )
The e t c h  s t a g e  1 ( a ) ,  i f  i t  e x i s t s ,  i s  f o l l o w e d  by  
random p i t  d i s t r i b u t i o n  on th e  m a jo r  a r e a  o f  t h e  f a c e .
Some c r y s t a l  f a c e s  do n o t  show th e  1 ( a )  s t a g e ,  and i f  so ,  
t h e  e t c h  b e g i n s  w i t h  t h e  random d i s t r i b u t i o n  o f  s t a g e  1 ( b ) . 
T h i s  random d i s t r i b u t i o n  s t a g e  i s  v e r y  w e l l  e x h i b i t e d  i n  
th e  f i g u r e s  52 ,  53 ( a )  and ( b ) . The t r i a n g u l a r  r e g i o n  
o p p o s i t e l y  o r i e n t e d  w i t h  r e s p e c t  t o  t h e  e t c h  p i t s  w h ich  
a r e  t h e  g ro w th  t r i g o n s ,  have  a s m a l l e r  number o f  e t c h  p i t s  
t h a n  i n  t h e  a r e a  o u t s i d e .  Thus i t  can be s a i d  t h a t  t h e r e  
i s  a f r e q u e n t  t e n d e n c y  f o r  th e  c o n c e n t r a t i o n  o f  e t c h  p i t s  
w i t h i n  t h e  t r i g o n s  to  be  m a t e r i a l l y  l e s s .  I f  i t  be 
c o n s i d e r e d  t h a t  e t c h  p i t s  s t a r t  a t  d i s l o c a t i o n s  t h i s  
would i n d i c a t e  a l o w e r  c o n c e n t r a t i o n  of  d i s l o c a t i o n s  v ^ i th in  
t h e  g ro w th  t r i g o n s .  I t  i s - g e n e r a l l y  c o n s i d e r e d  t h a t  
d i s l o c a t i o n s  e n c o u ra g e  th e  g ro w th .  As th e  r e g i o n s  w i t h i n  
t h e  t r i g o n s  a r e  g ro w in g  a t  a s lo w e r  r a t e  t h a n  th e  o u t e r  
r e g i o n s ,  i t  i s  r e a s o n a b l e  to  c o n c lu d e  t h a t  t r i g o n s  r e p r e s e n t  
r e g i o n s  o f  low c o n c e n t r a t i o n s  of  d i s l o c a t i o n s .  These  
s m a l l  e a r l y  s t a g e  e t c h  t r i a n g l e s  a r e  u s u a l l y  w e l l  fo rm e d .  
Even th o u g h  t h e  t r i a n g l e s  a r e  w e l l  fo rm ed  t h e  r o u n d i n g  
o f  c o r n e r s  i s  q u i t e  e v i d e n t ,
A t y p i c a l  e t c h  f o r  1 h o u r  a t  550°G p r o d u c e s  e t c h  p i t s
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r a n g i n g  i n  s i z e  f rom  v e r y  s m a l l  up t o  some a c r o s s .
R e s o l v a b l e  e t c h  p i t s  can  be d i s t r i b u t e d  w i t h  a d e n s i t y
»7
p e r h a p s  o f  t h e  o r d e r  o f  2 x  10 p e r  sg .  cm. T h i s  i s  o n l y  
a lo w e r  l i m i t .  I n  t h i s  f i r s t  s t a g e  i n c r e a s i n g  th e  t im e  o f  
e t c h i n g  f o r  a g i v e n  t e m p e r a t u r e  l a r g e l y  i n c r e a s e s  t h e  number 
o f  p i t s  r a t h e r  t h a n  t h e i r  s i z e s .
S ta g e  2.
A se co n d  s t a g e  a p p e a r s  to  s e t  i n  a s  t h e  t e m p e r a t u r e  
o f  600°G. i s  r e a c h e d .  I n  t h i s  a r e l a t i v e l y  s m a l l  number o f  
p i t s  i n c r e a s e  i n  s i z e ,  d e v o u r in g  up s m a l l e r  n e i g h b o u r s .  The 
f u r t h e r  e t c h i n g  p r o c e e d s  t h e  f e w e r  and l a r g e r  do t h e  p i t s  
become. T h i s  c a n  be  s e e n  f ro m  th e  s u c c e s s i v e  s t a g e s  
d i s c l o s e d  i n  the  f i g u r e s  4 9 ( b ) ,  ( c ) .  I n t e r f e r o m e t r i c  
e x a m i n a t i o n  a t  any s t a g e  shows t h a t  no p a r t i c u l a r  d e p th  
i s  f a v o u r e d .  F i g u r e  56 i s  an example o f  an ad v an ced  s t a g e  
2, w i t h  i n t e r f e r e n c e  f r i n g e s ,  t a k e n  w i t h  a f a i r l y  h ig h  
pow er .  The i n t e r f e r o g r a m  shows t h a t  p i t r ^  d e p t h s  v a r y  
f rom  a f r a c t i o n  o f  a l i g h t  wave up t o  s e v e r a l  l i g h t  w av es .
I t  i s  n o t e w o r t h y  t h a t  a l l  t h e  e t c h  p i t s  h av e  ro u n d e d  c o r n e r s .
The a t t a c k  upon  g ro w th  t r i g o n s  i s  o f t e n  q u i t e  s p e c i f i c ,  
a l t h o u g h  v a r i a t i o n  h a s  b e e n  o b s e r v e d .  The e t c h i n g  p r o c e s s
w i t h i n  t h e  t r i g o n s  p r o c e e d s  i n  a manner  s i m i l a r  t o  t h a t  
o b s e r v e d  o u t s i d e  t h e  t r i g o n s .  A l th o u g h  t h e  number o f  
s e p a r a t e  p i t s  w i t h i n  a t r i g o n  i s  o f t e n  f e w e r  t h a n  o u t s i d e ,
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t h e  r a t e s  o f  g row th  o f  th e  s e p a r a t e  p i t s  b o t h  w i t h i n  and 
o u t s i d e  t h e  t r i g o n ,  a r e  n o t  v e r y  d i f f e r e n t .  O f t e n  a g row th  
t r i g o n  i s  c o n v e r t e d  by  e t c h i n g  i n t o  a s l i g h t l y  l a r g e r  
h ex a g o n  t h r o u g h  t r u n c a t i o n  o f  t h e  t r i g o n  c o r n e r s ,  and t h e  
m echan ism  i s  c l e a r l y  shown i n  f i g u r e  57 ( a ) ,  ( b ) ,  ( c ) ,  
w h ic h  i l l u s t r a t e  t h e  d i f f e r e n t  g ro w th  t r i g o n s  a t  v a r i o u s  
s t a g e s  o f  e t c h .  The r e s u l t  o f  t r i g o n  t u r n i n g  i n t o  h ex ag o n  
i s  s e e n  i n  a l l  t h e  p r e v i o u s  f i g u r e s .
T h ere  i s  a s p e c i f i c  p r e f e r e n t i a l  a t t a c k  on t h e  
ed g e s  and  a t  th e  c o r n e r s  o f  t h e  g ro w th  t r i g o n ,  e s p e c i a l l y  
a t  th e  c o r n e r s .  I t  seems a s  i f  a p a r t i c u l a r l y  e x t e n d e d  
p i t  d e v e l o p s  a t  e a c h  c o r n e r  and  a t  th e  same t im e  a t t a c k  
p r o c e e d s  on th e  t r i g o n  s i d e  e d g e s  to  l e a d  t o  a h ex a g o n  
shape  a s  shown i n  f i g u r e  58 ( a ) ,  ( b ) ,  ( c ) ,  b y  a s e r i e s  o f  
l i n e  d i a g r a m s .  F i g u r e  58 ( a )  r e p r e s e n t s  t h e  o r i g i n a l  t r i g o n  
f i g u r e  58 (b )  shows th e  t l i r e e  w e l l  d e v e lo p e d  p i t s  a t  each  
c o r n e r  ( o r i e n t e d  o p p o s i t e  to  t h e  t r i g o n )  and  th e  a r ro w s  
i n d i c a t e  th e  d i r e c t i o n  o f  a t t a c k  on t h e  e d g e s .  F i n a l l y  
f i g u r e  58 ( c )  shows th e  h ex a g o n  form ed t h r o u g h  t h i s  
m echan ism .  I n  i t  a p a t t e r n  somewhat l a r g e r  t h a n  th e  
o r i g i n a l  i s  s e e n  w h ich  h a s  s m a l l  t r u n c a t e d  ro u n d e d  ed g e s
i n  t h e  r e g i o n s  o f  o r i g i n a l  c o r n e r s .  I n  t h e  f i g u r e  57 ( a ) ,  
( b ) ,  ( c ) ,  i t  i s  c l e a r l y  s e e n  how t h i s  m echanism  i s  
p r o c e e d i n g .  I n  t h e s e  t h r e e  d i f f e r e n t  e x a m p le s  t h e  e t c h i n g
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i s  a r r e s t e d  d u r i n g  th e  p r o c e s s  and  a f r o z e n  i n  p i c t u r e  
o f  t h e  e t c h i n g  m echan ism  l e a d i n g  to  h ex a g o n  f o r r a a t i o n  i s  
o h t a i n e d o  The t h r e e  l a r g e  c o r n e r  p i t s  whose s i d e s  p r o d u c e  
t h e  h ex a g o n  ca n  he c l e a r l y  s e e n .
The t o p o g r a p h i c a l  c h a r a c t e r  i s  s e e n  f rom  i n t e r f e r o g r a m s  
The h a s e  o f  e t c h  p i t  i s  o f t e n  a l m o s t  f l a t  v/hich i s  q u i t e  
n o t a b l e .  I n  a few i n s t a n c e s  t h e  d e p r e s s i o n  i s  p y r a m i d a l ,  
g o in g  dovm i n  a s h a l lo w  cu rv e  t o  a r o u n d e d  t i p .  The f l a t -  
h a s e d  p i t  i s  hy  f a r  th e  m ost  common. I t  i s  m e a n i n g l e s s  
to  p o i n t  o u t  s p e c i f i c  q u a n t i t a t i v e  m e a su re m e n ts  a s  t h e r e  i s  
c o n s i d e r a b l e  v a r i a t i o n  f rom  c r y s t a l  t o  c r y s t a l ,  and even 
f rom  f a c e  to  f a c e  on any one c r y s t a l  and  even  on any p a r t  
o f  one f a c e .  The m a in  f e a t u r e  o f  i n t e r e s t  i s  th e  f a c t  
t h a t  a l l  p i t s  on any one r e g i o n  have  a p p r o x i m a t e l y  s i m i l a r  
d i m e n s io n s ,  b o t h  i n  e x t e n s i o n  and i n  d e p t h .  T h i s  i s  o n l y  
t r u e  i n  t h e  m id d l e  o f  t h i s  s t a g e  o f  e t c h i n g ,  f o r  a s  th e  
e t c h i n g  p r o c e e d s  v i o l e n t  ch a n g es  o c c u r .  The e x i s t e n c e  o f  
t h e  f l a t  bottoDi i s  i n  c o m p le te  harmony w i t h  the  f a c t s  
r e c o r d e d  f o r  th e  e a r l i e r  s t a g e s  and  i s  i n t e r p r e t e d  a s  f o l l o w s .  
I t  i s  c l e a r  t h a t  th e  f l a t  b o t to m s  a r e  (111)  f a c e s ,  f o r  th e y  
a r e  p a r a l l e l  to  t h e  o r i g i n a l  f a c e  b e f o r e  e t c h .  Now t h e  
f a c t  t h a t  p i t s ,  once e s t a b l i s h e d ,  t e n d  to  d e v o u r  e a c h  o t h e r  
and  compete su c h  t h a t  a few r e l a t i v e l y  l a r g e  p i t s  em erge ,  
n r o v e s  t h a t  t h e  e t c h  a t t a c k  on t h e  i n s i d e  e d g e s  o f  a p i t
l o o .
i s  f a s t e r  and more v i g o r o u s  t h a n  t h a t  on t h e  r e s t  o f  t h e  
a s  y e t  n o t  a t  a l l  ( o r  o n l y  s l i g h t l y )  a t t a c k e d  s u r r o u n d i n g  
(111)  r e g i o n s .  Hence w i t h i n  a p i t  i t s e l f  t h e r e  w i l l  he  
a s l o w e r  r a t e  o f  a t t a c k  on t h e  n e w l y , e x p o s e d  ( 1 1 1 ) p l a n e .  
Thus one ca n  p r e d i c t  t h a t  t h e  s i d e s  o f  t h e  p i t  w i l l  e x t e n d  
a t  a more r a p i d  r a t e  t h a n  th e  a t t a c k  on th e  b a s a l  ( 1 1 1 ) 
p l a n e .  The f o r m a t i o n  o f  a f l a t  b o t to m  p i t  i s  a n e c e s s a r y  
r e s u l t .
Of c o u r s e  t h e  new (111)  p l a n e  i s  n o t  t o t a l l y  
r e s i s t a n t ,  h en ce  a s  e t c h i n g  p r o c e e d s  f u r t h e r ,  i t  can be  
and i s  removed t o  r e s u l t  u l t i m a t e l y  i n  a d e p r e s s e d  ro u n d e d  
p y r a m i d a l  p i t .
S t a g e  3 :
I t  i s  p r o p o s e d  to  c a l l  S ta g e  3 t h a t  w h ich  d e v e l o p s  
when t h e  e t c h i n g  h a s  p r o c e e d e d  so f a r  t h a t  t h e  p i t s  have  
e x t e n d e d  su ch  t h a t  th e y  m ee t  and have  d e v o u re d  t h e  w ho le  
o f  t h e  (111)  f a c e .  T h is  i s ,  o f  c o u r s e ,  m e r e l y  a c o n v e n i e n t  
a r b i t a r y  d i s t i n c t i o n ,  s i n c e  e t c h i n g  i s  a c o n t i n u o u s  
p r o c e s s .
I n  t h i s  s t a g e  a l l  f l a t  b o t to m  p i t s  t e n d  to  c o n v e r t  
i n t o  p y r a m i d a l  d e p r e s s i o n s  t h e  n a t u r e  o f  w h ic h  i s  shown 
i n  a v e r y  c l e a r  m anner  by  t h e  i n t e r f e r o g r a m  i n  f i g u r e  5 9 * 
T h i s  p i t  i s  16 yu. d e e p .
l o i .
When s t a g e  3 f u l l y  d e v e l o p s ,  r e m a r k a b l e  b l o c k  
p a t t e r n s  make t h e i r  a p p e a r a n c e  a s  shown i n  f i g u r e s  48 and  50 .  
T h i s  s t r i k i n g  p i c t u r e  c o n s t i t u t e s  a d e s c r i p t i v e  o p t i c a l  
i l l u s i o n .  I t  l o o k s  a s  i f  r e c t a n g u l a r  b l o c k s  a r e  p i l e d  up 
on one a n o t h e r .  The v iew l o o k s  a lm o s t  l i k e  p e r s p e c t i v e  o f  
d i s t a n t  r e c t a n g u l a r  b l o c k s .  Y e t  i n  f a c t  th e  p a t t e r n  i s  
b u i l t  up f rom  t r i a n g u l a r  p y r a m i d a l  d e p r e s s i o n s  whose s i d e s  
a r e  i n c l i n e d  a t  a n g l e s  o f  t h e d e g r e e s  o f  a r c ,  o rd e r  of IS ,
The p r o f i l e  p i c t u r e  shown i n  f i g u r e  4 8 ( c )  -  o v e r  one su c h  
f e a t u r e  -  p r o v e s  t h i s  i n t e r p r e t a t i o n .  The m u l t i p l e  beam 
i n t e r f e r o g r a m  o v e r  t h e  same r e g i o n  i s  one o f  t h e  s e v e r a l  
t a k e n  o v e r  d i f f e r e n t  a r e a s .  The a n g l e s  b e tw e e n  th e  b l o c k  
f a c e s  w ere  e v a l u a t e d  by  d i r e c t  g o n io m e t ry  and by i n t e r ­
f e r o m e t r y .  The h i g h  m a g n i f i c a t i o n  i n t e r f e r e n c e  f r i n g e ,  
p a t t e r n  e n a b l e s  t h e  m e asu rem en t  o f  l a r g e  a n g l e s .
The m e a su re m e n ts  a r e  i n  c l o s e  a g re e m e n t  and t h e  
e x i s t e n c e  o f  r e l a t i v e l y  s m a l l  number o f  c r y s t a l l o g r a p h i c  
f a c e s  i s  w e l l  e s t a b l i s h e d .  The m ost  p r o m in e n t  p l a n e s  a r e  
( 2 2 1 ) ,  ( 1 2 2 ) ,  (212 )  and l e s s  p r o m in e n t  o n es  a r e  ( 3 3 1 ) ,  ( 1 3 3 ) ,  
( 313)5  p l a n e s  a s  s t a t e d  b e f o r e .  P l a n e  s i d e s  o f  t h e  b l o c k s  
o c c a s i o n a l l y  e x h i b i t  q u i t e  s m a l l  s e c o n d a r y  p i t s  on t h e i r
o t h e r w i s e  p l a n e  s u r f a c e s .  The d e p t h  o f  t h e s e  t r i a n g u l a r  
p y r a m i d a l  d e p r e s s i o n s  v a r y  f ro m  2000 A to  1 0 ,0 0 0  A.
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F i n a l l y  i t  i s  a l s o  fo u n d  t h a t  r e s i s t a n t  (111)  p l a n e  
r e g i o n s  w i t h i n  t h e  body  o f  t h e  c r y s t a l  a r e  a t  t i m e s  met w i t h ,  
l e a d i n g  to  t h e  f o r m a t i o n  o f  r e l a t i v e l y  l a r g e  f l a t  b o t to m  
c r a t e r s  a s  shown i n  f i g u r e  48 ( d ) .  The c r a t e r  i s  a b o u t  
0 . 1  mm. a c r o s s  a t  t h e  to p  and th e  d e p th  i s  4/^. Such a 
c r a t e r  can  be c o n s i d e r e d  to  be fo rm ed  by  an e x t e n s i o n  o f  
t h a t  same m echan ism  w h ich  l e d  to  f l a t  b o t to m  i n  so many 
t r i a n g u l a r  e t c h  p i t s  i n  t h e  s e c o n d  s t a g e  o f  e t c h i n g ,  i . e . , 
i t  i s  b e c a u s e  e t c h i n g  h a s  p r o c e e d e d  u n t i l  a (111)  r e g i o n  
h a s  b ee n  e n c o u n t e r e d  w h ich  i s  r e l a t i v e l y  f r e e  f rom  d i s ­
l o c a t i o n s  and  t h u s  r e l a t i v e l y  more r e s i s t a n t  to  e t c h .
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CHAPTER 14 
THE (111 )  GLEAYAG-E FACE
No d e s c r i p t i o n  i n  th e  l i t e r a t u r e  o f  e t c h i n g  on a 
c l e a v a g e  f a c e  i s  f o u n d  e x c e p t  a r e c e n t  n o t e  by  O u s t e r s  
( 1 9 5 4 ) on e t c h i n g  a s l i g h t l y  p o l i s h e d  c l e a v e d  f a c e .  He 
e t c h e d  i t  i n  a i r  a t  1400°C. f o r  2 m i n u t e s  and  fo u n d  t r i a n g u l a r  
e t c h  p i t s  and f o r m a t i o n  o f  b r i d g e s  i n s i d e  th e  e t c h  p i t s  
s t a r t i n g  from  t h e  c e n t r e s  o f  th e  s i d e s  o f  an e t c h  p i t  and 
m e e t i n g  a t  t h e  c e n t r e .  They a r e  r e p o r t e d  to  be o f  th e  
fo rm  <211 > .  The t h r e e  co m p ar tm en ts  t h u s  fo rm ed  i n  t h e  e t c h  
p i t s  a r e  t i n y  f o u r s i d e d  p y r a m i d s .  I n  t h i s  p a r t i c u l a r  
e x p e r i m e n t  c a r r i e d  o u t  by  th e  a u t h o r ,  a c l e a v a g e  f a c e  o f  
a t y p e  I I  d iamond ( s t o n e .  Cÿ) was e t c h e d  a t  550^0 .  
t h r o u g h o u t ,  e a c h  t im e i n c r e a s i n g  l e n g t h  o f  t im e up to  8 h o u r s .  
Though th e  p r o c e s s  was l a b o r i o u s  and p r o l o n g e d ,  r e c o r d  o f  
t h e  s u c c e s s i v e  s t a g e s  o f  e t c h i n g  c o u ld  be  o b t a i n e d .  Any 
a t t e m p t  to  a p p l y  p r e c i s i o n  o p t i c a l  m e thods  t o  a diamond 
c l e a v a g e  i n v o l v e s  a g r e a t  d i f f i c u l t y .  F o r  exam ple  i t  
i s  t a k e n  f o r  g r a n t e d  t h a t  d iamond h a s  (111)  p l a n e  as  t h e
c l e a v a g e  p l a n e  w h ic h  i s  p e r f e c t .  I t  i s  now e s t a b l i s h e d ,  as  
d i s c u s s e d  i n  P a r t l l l ,  t h a t  th e  m a j o r i t y  o f  d iamonds 
c l e a v a g e s  a r e  v e r y  rou g h  by i n t e r f e r o m e t r i c  s t a n d a r d s .
The c l e a v a g e  f a c e  o f  a t y p e  I I  diamond h a s  a b e t t e r
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c l e a v a g e  s u r f a c e  and  t h e r e f o r e  t h e  c r y s t a l  C5 , d e s c r i b e d  
i n  P a r t  i l l ,  was s e l e c t e d .
F i g u r e  60 shows a r e g i o n  o f  th e  c l e a v a g e  a t  (X 1 7 0 ) .  
An i n t e r f e r o g r a m  o f  a more e x t e n d e d  a r e a  (X 55) i s  shown 
f i g u r e  61. T h i s  e x h i b i t s  t h e  c h a r a c t e r i s t i c  f l a t  s t r i p  
s t e p  l i k e  c h a r a c t e r  w h ich  i s  f o u n d  on m ost  o f  t h e  t y p e  I I  
diamond c l e a v a g e s .  E t c h i n g  a t  550^0 .  f o r  t h r e e  h o u r s  
l e a d s  t o  u n e x p e c t e d  r e s u l t s .  The s u r f a c e  becomes c o v e r e d  
w i t h  a m u l t i t u d e  o f  m in u te  i r r e g u l a r  p i t s  w h ic h  a r e  a r r a n g e d  
so t h a t  t h e r e  a p p e a r  two d i s t i n c t  s e t s  o f  p a r a l l e l  l i n e s  
i n c l i n e d  a t  60^ t o  e a c h  o t h e r .  F i g u r e  62 i l l u s t r a t e s  t h i s  
c h a r a c t e r .  One s e t  o f  l i n e  p r e d o m i n a t e s  s t r o n g l y .  The 
c l e a v a g e  a v a i l a b l e  was o n l y  p a r t  o f  a c r y s t a l  and  we 
c o n j e c t u r e  t h a t  a more c o m p le te  spec im en  m ig h t  have  shown 
l i n e s  i n  t h e  t h i r d  60°  d i r e c t i o n .
The s h a l l o w e r  c l e a v a g e  s t e p s  have  b e e n  o b l i t e r a t e d  
by  t h i s  s l i g h t  e t c h ,  b u t  t h e  d e e p e r  c l e a v a g e  s t e p s  r e m a i n .  
P r o g r e s s i v e  e t c h i n g  a t  t h e  same t e m p e r a t u r e  f o r  some f i v e  
h o u r s  m e r e l y  d ee p en s  t h e  whole  e f f e c t .  A p h o t o m i c r o g r a p h  
o f  t h e  f a c e ,  f i g u r e  63 (X 170) a f t e r  4 h o u r s  e t c h i n g  
r e v e a l s  t h e  many i r r e g u l a r  p i t s ,  t h e  60° c r o s s  p a t t e r n  
and  a l s o  s o l u t i o n  c h a n n e l s .  Such a c h a n n e l  shown a t  
(X 7 0 0 ) i s  shown i n  f i g u r e  64 .  T h i s  seems to  s u g g e s t  l o c a l  
t w i n n i n g  o v e r  t h e  s m a l l  a r e a .  The s t r u c t u r t j i i  d e t a i l s  o f  t h e
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p i t s  have b ee n  s t u d i e d  by l i i g i i e r  o p t i c a l  p o w e rs .  By 
a n a lo g y  w i t h  t h e  observations on the n a t u r a l  ( 1 1 1 ) f a c e  
i n  C h a p te r  I 3 t h e  t r i a n g u l a r  p i t s  w i t h  r o u n d e d  c o r n e r s  
a r e  t o  b e  e x p e c t e d .  In f a c t ,  b o t h  triangular and  hexagon- 
shaped p i t s  a p p e a r  a s  shown i n  f i g u r e  65 (X TOO). T h i s  
feature i s  0 . 2 / ^  d ee p .  Figure 66 (X JLOOO) g i v e s  d e t a i l  
o f  a n o t h e r  t r i a n g u l a r  s t r u c t u r e  w i t h  truncated a n g l e s .
Examinations of the distribution of the pits with 
study of interferograms, shows that parallel lines are not 
in fact rows of pits but are narrow ridges. Pits form 
between these linear ridges and each line appears to be a 
resistant region so that pits reach up to it and appear to 
cease. Thus in a sense the parallel lines are the 
envelopes of pits of variable size. Figure 68 illustrates 
this.
There seems to be no doubt at all that the pattern 
of parallel narrow ridges left standing proud after etch, 
reveals the existence of a laminated internal fine structure 
within the body of the crystal. It would appear that 
diamond has grown by the laying down of a very large 
number of thin lamillae.. - sheets parallel to the octahedron
planes. The etching has revealed the edges of these planes,
w h ich  i n  many regions a p p e a r  to  be some 2 to  4 ^  a p a r t .
1 0 6 .
It may be pointed out that this fine structure differs 
from the coarse surface laiainations found at times upon 
some crystals. '
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GIUPTER 15 
POLISHED DODECAHEDRON (110)  FACE
A diamond witH a n a t u r a l  d o d e c a h e d ro n  f a c e  i s  v e r y  
r a r e  and was n o t  a v a i l a b l e  f o r  e t c h i n g .  A c l o s e  a p p ro x ­
i m a t i o n  to  su ch  a f a c e  was s e c u r e d  by a p p r o p r i a t e  saw ing  
and p o l i s h i n g  f rom  an o c t a h e d r o n ,  a s  shown by th e  s h a d e d  
r e g i o n  i n  f i g u r e  68. The s u r f a c e  o b t a i n e d  by  t h i s  s e c t i o n  
was r e l a t i v e l y  f l a t  and sm ooth ,  a s  can  be  s e e n  i n  th e  
i n t e r f e r o g r a m  (X 30) i n  f i g u r e  6 9 . The r e s i d u a l  s m a l l -  
s c a l e  f i n e  s t r u c t u r e ,  due to  p o l i s h i n g ,  s e e n  i n  th e  c a s e  
o f  o t h e r  p o l i s h e d  f a c e s ,  e x i s t s  a s  can  be  s e e n  f rom  t h e  
f r i n g e  p a t t e r n .  T h e re  were two s u c h  f a c e s  on th e  same 
c r y s t a l .  The c r y s t a l  was t y p e  I  a s  v e r i f i e d  by  th e  a u th o r*  
T h i s  was t h e  same c r y s t a l  E 5 (b )  d e s c r i b e d  f o r  i t s  e t c h i n g  
on th e  (111 )  f a c e .  The e t c h i n g  waS: c a r r i e d  o u t  i n  t h e  
r a n g e  500°C. to  650^0 .  i n  s t e p s  o f  5 0 ° C . ,  and i n  s u c c e s s i v e  
s t a g e s  o f  one h o u r ,  t h e  c r y s t a l  was removed f o r  e x a m i n a t i o n  
a t  e a c h  s t a g e .  B o th  t h e  (110)  f a c e s  w ere  exam ined  e a ch  
t im e  and  t h e  same t y p e  o f  r e s u l t s  were  o b t a i n e d .
At 550^0 .  an enormous number of  m ic ro  p i t s  
d e v e l o p e d .  T h e i r  s h a p e s  were  to o  s m a l l  to  be  a d e q u a t e l y  
r e s o l v e d  so no d e f i n i t e  sh a p e  c o u ld  be  a s s i g n e d  t o  them . 
T h e i r  c o n c e n t r a t i o n  i n  d i s t r i b u t i o n  can  n o t  be o b t a i n e d
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with, r e l i a n c e  owing t o  t h e i r  i ^ u m e ra h le  number and v e r y  
t i n y  s i z e s .  They can ,  how ever ,  be  e s t i m a t e d  a s  more t h a n  
3 X 10^ p e r  s q .  mm. i n  some r e g i o n s .
T hese  m in u te  p i t s  have  a random d i s t r i b u t i o n  and 
so t h e  s u r f a c e  a p p e a r s  t o  be  m a t t  compared to  what was 
f o r m e r l y  p o l i s h e d .  They a r e ,  how ever ,  s i t u a t e d  to  some 
e x t e n t  w i th  d i f f e r e n t i a l  d e n s i t y  g r o u p i n g  w i t h i n  an 
i n d e p e n d e n t  r a t h e r  r e m a r k a b le  h e x a g o n a l  p a t t e r n .  A s e r i e s  
o f  c o n c e n t r i c  h ex ag o n s  p a r a l l e l  t o  t h e  ed g e s  o f  t h e  s u r f a c e  
b e g a n  to  a p p e a r  a t  t h e  same t i m e .  B o th  t h e  i n d i v i d u a l  
h e x a g o n a l  p a t t e r n  and th e  e t c h  p i t s  become more and  more 
p ro n o u n c e d  w i t h  i n c r e a s i n g  t im e  and r i s e  o f  t e m p e r a t u r e  
and a r e  shown f u l l y  a t  600°C. The m o t t l e d  c h a r a c t e r  o f  
the. m in u te  p i t s  a t  650^0 .  i s  shown i n  f i g u r e  70 (X 400 ) 
and  t h e  whole f a c e  w i th  f u l l y  d e v e lo p e d  h e x a g o n a l  p a t t e r n  
i s  shown i n  f i g u r e  71 (X 30} t a k e n  w i t h  p h a s e  c o n t r a s t  
i l l u m i n a t i o n .  The lo w e r  m a g n i f i c a t i o n  makes i t  p o s s i b l e  
t o  show th e  w hole  c r y s t a l  f a c e  w i t h  t h e  c o m p le te  h e x a g o n a l  
p a t t e r n .  I t  i s  q u i t e  p o s s i b l e  to  show a s  done l a t e r  t h a t  
t h e s e  tTJO c h a r a c t e r i s t i c s  i n v o l v e  q u i t e  d i s t i n c t  m ech an ism s .
As th e  e t c h i n g  a d v a n ce s  some o f  th e  p i t s  grow l a r g e r  
and  by  650^0. t h e i r  s i z e  i s  l a r g e  enough to  r e v e a l  t h e i r  s h a p e .  
They a r e  i n d i v i d u a l  b o a t - s h a p e d  d e p r e s s i o n s ,  e x a c t l y  a s  
p r e d i c t e d  by W i l l i a m s .  At t h e  t e m p e r a t u r e s  a t  w h ich  t h e
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e t c h i n g  i s  c a r r i e d  o u t  i n  t h i s  w ork ,  t h e s e  e t c h  p i t s  a r e  
s m a l l ,  h u t  we have fo u n d  a few a s  l o n g  as  0 .0 5  mm. A 
s m a l l  g roup  o f  such  p i t s  ea ch  0 . 0 2  mm. l o n g  a r e  shown i n  
f i g u r e  72 (X 4 0 0 ) .  These  p i t s  a r e  o r i e n t e d  i n  a c c o rd a n c e  
w i t h  th e  p r e d i c t i o n s  o f  W i l l i a m s .  They have a n o t h e r  
c h a r a c t e r i s t i c .  They a l i g n  up e i t h e r  i n  s e r i e s  o r  i n  
p a r a l l e l  t o  form  l i n e a r  c h a i n s  a t  some p l a c e s .  The con­
s t i t u e n t s  o f  a c h a i n  have  c l o s e l y  s i m i l a r  d im e n s io n s .
F i g u r e  73 (X 400) shows a g ro u p  fo rm in g  a p a r a l l e l  c h a i n  
w i t h  p i t s  25 l o n g  and a g ro u p  o f  p i t s  f o rm i n g  l i n e a r  
c h a i n s  i s  shown i n  f i g u r e  74 (X 4 0 0 ) .  T hese  p i t s  a r e  
l o n g .
The l a r g e r  p i t s  a r e  exam ined  by  l i g h t  p r o f i l e  
m ic r o s c o p e  and a t y p i c a l  example  i s  shown i n  f i g u r e  75 
(X lOOO). The b o a t - s h a p e d  p i t  h a s  a s h a r p l y  d e f i n e d  »keel* 
The d e p th  a t  t h e  l o w e s t  p a r t  m e a su re d  by l i g h t  p r o f i l e ,  
i s  1 . 6 / ^ .  T h is  was p e r h a p s  t h e  l a r g e s t  p i t .  A l l  t h e s e  
p i t s  a r e  s y m m e t r i c a l ,  a s  d i s t i n c t  f rom  th e  u n s y m m e t r i c a l  
p a t t e r n  i l l u s t r a t e d  by Su t ton^^ ib ) .
The h e x a g o n a l  p a t t e r n  w i l l  now be  c o n s i d e r e d .  T h i s  
c o n s i s t s  o f  d ense  c o n c e n t r a t i o n  o f  l i n e s  w h ich  form  b o t h
c o m p le te  and in c o m p le t e  e c c e n t r i c  h e x a g o n s .  A l th o u g h ,
s t r i c t l y  p a r a l l e l  to  each  o t h e r ,  and to  t h e  u l t i m a t e  edge
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■boundaries o f  th e  d o d e c a h e d ro n  f a c e  (w h ich  b o u n d a r i e s  l i e  
i n  (111) f a c e s ) ,  t h e s e  do n o t  fo rm  e x a c t l y  r e g u l a r  h e x a g o n s . 
On c a r e f u l  and c l o s e r  e x a m i n a t i o n  i t  i s  f o u n d  t h a t  th e  
a n g l e s  i n  p a i r s  a r e  1 1 0 ° ,  1 2 2 °an d  128^. T h i s  can  be 
e x p l a i n e d  by p o s t u l a t i n g  a m i s o r i e n t a t i o n  o f  th e  f a c e  i n  
p o l i s h i n g  by  o n l y  a b o u t  1^0 .  The a n g l e s  i n  th e  no rm al  
c o u r s e  i f  the  o r i e n t a t i o n  h ad  b e e n  p e r f e c t  would come 
o u t  a s  109^ 2 8 ' ,  125°  16» ,  1 25°16* .  T h i s  i s  q u i t e  p o s s i b l e  
as  i n  a n o t h e r  c a s e  o f  a p o l i s h e d  cube f a c e  th e  m i s o r i e n t a t i o n  
i s  s e e n  to  be  q u i t e  o b v io u s  f rom  t h e  e t c h  p a t t e r n s .  T h is  
o b s e r v a t i o n  o f  cube f a c e  v / i l l  be  t a k e n  up i n  th e  n e x t  
c h a p t e r .
The s t r i k i n g  p e r f e c t i o n  o f  th e  r e c t i l i n e a r i t y  of  
t h e s e  o u t l i n e s  i s  shown i n  f i g u r e  76 .  The c l o s e  p a c k i n g  
i n  some r e g i o n s  w i t h  com ponents  on,  and p r o b a b l y  a l s o  b e lo w ,  
t h e  l i m i t  o f  o p t i c a l  r e s o l u t i o n  i s  s e e n  i n  t h e  f i g u r e  
(x  TOO). A l a r g e  number o f  h ex ag o n s  a r e  q u i t e  c o m p le te  
i n  p e r f e c t  manner  and a r e  s e e n  by  t h e  g ro u p s  a t  one c o r n e r  
i n  t h i s  f i g u r e .  However t h i s  i s  n o t  a lw ays  th e  c a s e  and 
t h e r e  a r e  a c o n s i d e r a b l e  number o f  s t r i a e  w h ich  end a b r u p t l y  
on t h e  l i n e  p a s s i n g  th r o u g h  a se q u en ce  of  c o r n e r s ,  i . e . ,
on a " r a d i u s " .  A t y p i c a l  exam ple  i s  shown f i g u r e  77 (X 7 0 0 ) .
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I t  i s  c l e a r  f rom  w e l l  r e s o l v e d  h i g h  r e s o l u t i o n  
p i c t u r e s  t h a t  l i n e s  f o rm in g  t h e s e  p a t t e r n s  a r e  v e r y  s h a r p l y  
d e f i n e d  and c e r t a i n l y  do n o t  c o n s i s t  o f  c h a i n s  o f  e t c h  
p i t s .  On t h e  c o n t r a r y  t h e  e t c h  p i t s  can  be  s e e n  v e r y  
c l e a r l y  b e tw e e n  th e  l i n e s .  F i g u r e  77 shows t h i s  v e r y  c l e a r l y .  
When t h e s e  l i n e s  a r e  c a r e f u l l y  exam ined  u n d e r  l i g h t  p r o f i l e  
m ic r o s c o p e  a v e r y  s u r p r i s i n g  o b s e r v a t i o n  i s  r e c o r d e d .  These  
l i n e s  a r e  r e a l l y  e l e v a t e d  r i d g e s  as  shown i n  f i g u r e  78 
(X 1 0 0 0 ) .  A l i n e  d ia g ra m  g i v e n  i n  f i g u r e  79 shows to  a 
m o d i f i e d  s c a l e  t h e  fo rm  o f  t h i s  p r o f i l e .  T h e re  a r e  d i s c r e t e  
s t e p s  down from th e  c e n t r e  o f  t h e  hexagon  ( a t  t h e  l e f t ) .
The s t e p  ch a n g es  a t  each  s t r i a t i o n  l i n e ,  w h ich  i s  i t s e l f  
an  e l e v a t e d  r i d g e .  The l e v e l  on e i t h e r  s i d e  o f  t h e  r i d g e  i s  
n o t  t h e  same. As an example one c^n s e e  t h e  h e i g h t  on one 
s i d e  o f  t h e  r i d g e  f rom  th e  i n n e r  s i d e  o f  t h e  hex ag o n  i s  0 .7 3 /^  
and f ro m  t h e  o t h e r  s i d e  i t  i s  0 . 63^  i n  c a s e  o f  th e  i n n e r  
r i d g e  shôwn i n  t h e  f i g u r e .
The s t e p  down c h a r a c t e r  o f  th e  p a r a l l e l  s h e e t  i s  
shown by  th e  i n t e r f e r o g r a m s  a t  l o w e s t  m a g n i f i c a t i o n .  The 
whole  c r y s t a l  f a c e  i s  i n c lu d e d . ,
The i n t e r f e r o g r a m s  t a k e n  f o r  the  m u l t i p l e  beam F i a e au 
f r i n g e s  t a k e n  w i t h  two d i f f e r e n t  d i s p e r s i o n s  i . e . ,  f r i n g e  
s e p a r a t i o n  a r e  g i v e n  i n  f i g u r e  80 and f i g u r e  81 a t  (X 3 0 ) .  
These  r e v e a l  t h a t  t h e r e  i s  an a p p r o x i m a t e l y  f l a t  c e n t r a l  p l a t ­
eau j , s u r r o u n d e d  by  s l o w l y  d e s c e n d i n g  s h e e t s .  These  show
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small scale height oscillations, many less than a tenth 
of a light- wave, the largest somewhat less than a light 
wave.
On comparing the photomicrographs and the inter- 
ferograms it can be seen that striae lines are much more 
widely spread near the centre of the system and it can be 
demonstrated by matching that the individual oscillation 
peaks coincide with well-marked striae. As the outer 
regions are approached in the low power patterns the 
lateral resolution fails and a ragged fringe results.
The general trend of the fringes confirms exactly the 
conclusion drawn from the light profile picture, namely 
there is a steady stepping down from the centre. This 
was verified by fringes of equal chromatic order also.
All round the crystal there is a marked feature 
by way of a discontinuity, a step drop of almost exactly 
one light wave all round the crystal. The fringes under 
slightly increased magnification appear as shown in 
figure 8 7 .
Since the same type of features appear on the other 
face, it must certainly be concluded that the striking 
hexagon pattern is decisive evidence for the existence of 
a laminated fine structure within the body of the crystal.
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th e  l a m in a e  b e i n g  p a r a l l e l  to  ( 1 1 1 ) f a c e s ,  e x a c t l y  a s  was 
fo u n d  on t h e  ( 1 1 1 ) c l e a v a g e  f a c e  d e s c r i b e d  i n  c h a p t e r  l4 
w h ich  was q u i t e  a d i f f e r e n t  c r y s t a l .  I n  a d d i t i o n  i t  may 
be  p o i n t e d  o u t  t h a t  t h i s  was a ty p e  I  c r y s t a l  w h erea s  t h e  
one d e s c r i b e d  i n  C h a p te r  14 was a t y p e  I I  c r y s t a l .  A r a r e  
example o f  a r i d g e  l i n e  t e r m i n a t i n g  a b r u p t l y  i n  t h e  s u r f a c e  
a t  a p o i n t  o t h e r  t h a n  th e  c o r n e r  o f  a hex ag o n  i s  i l l u s t r a t e d  
i n  the  p r o f i l e  p i c t u r e  g i v e n  i n  f i g u r e  83 (X 1 0 0 0 ) .
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CIIAPTER 16 
POLISHED CUBE FACE (lOO)
A diaiiiond w i t h  a n a t u r a l  cube f a c e  was n o t  
a v a i l a b l e .  N a t u r a l  cube f a c e s  a r e  v e r y  r o u g h  and f u l l  o f  
s q u a r e  p i t s  a s  a r e  shown i n  t h e  f i g u r e  4 i n  Chapter 1.
T h i s  i s  a l s o  a rare specimen and  so co u ld  n o t  be etched.
Fortunately f o r  the a u t h o r  a good q u a l i t y  diamond ( t y p e  I)
w i t h  p o l i s h e d  cube f a c e  was available. T h is  c r y s t a l  was 
u s e d  f o r m e r l y  by  one o f  h i s  colleagues f o r  d i r e c t i o n a l  
hardness measurements and on w hich  a v e r y  c l o s e  a p p r o x i m a t i o n  
to  a cube f a c e  h ad  b e e n  obtained. T h is  i s  done by taking 
a section obtained by cutting along t h e  p l a n e  shown by  
sh a d ed  a r e a  i n  f i g u r e  84.  Despite p r o l o n g e d  polishing 
( a t  some c o s t )  t h i s  s u r f a c e  c o u ld  o n ly  be  secured ap p ro x ­
i m a t e l y  f l a t  and  r e v e a l e d  oriented b u t  v e r y  s h a l lo w  
p o l i s h i n g  scratch marks . The whole s u r f a c e  ( crystal D5 ) 
i s  shown i n  f i g u r e  85 (X 3 0 ) .  An i n t e r f e r o g r a m s  over t h e  
w ho le  f a c e  u n d e r  high d e s p e r s i o n  i s  shown i n  t h e  figure 86.
In these pictures, four abrasion cuts are seen. These
are small boat-shaped depressions marked in the earlier 
experiments to measure the directional abrasion hardness 
as mentioned before. These have no bearing on the etching
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o b s e r v a t i o n s  and a r e  t o  be d i s r e g a r d e d  i n  t h e  p r e s e n t  work .  
The f r i n g e  p a t t e r n  shows th e  p o l i s h i n g  s t r u c t u r e  v e r y  
c l e a r l y  which  c o n s i s t s  o f  s c r a t c h  l i n e s  o n l y  a s m a l l  
f r a c t i o n  of  a l i g h t  wave deep how ever .
E t c h i n g  a t  550^0 .  f o r  2 h o u r s  p ro d u c e d  an u n e x p e c t e d  
p a t t e r n .  P r e v i o u s  e x p e r i m e n t e r s ,  w o rk in g  a t  much h i g h e r  
t e m p e r a t u r e  ( 9 0 0 ^ 0 . )  h ad  r e p o r t e d  th e  a p p e a r a n c e  o f  s q u a r e  
s h a p ed  p i t s  and i t  was e x p e c t e d  t h a t  su c h  p i t s  would  a p p e a r ,  
I n  a d d i t i o n  to t h e  s q u a r e  p i t s  which  do a p p e a r  t h e r e  a r e  
o t h e r  u n e x p e c t e d  f e a t u r e s  o f  g r e a t e r  i n t e r e s t  w h ich  make 
t h e i r  a p p e a r a n c e .
I n  t h e  i n i t i a l  a t t a c k ,  t h e r e  a p p e a r e d  a f a i n t l y  
o u t l i n e d  r e c t a n g u l a r  a r e a  shown i n  f i g u r e  8? (X 3 0 ) .  As 
t h e  e t c h i n g  p r o c e e d e d  t h i s  f e a t u r e  d eep en ed  and u l t i m a t e l y  
a t  700°C. t h e  vjhole s u r f a c e  a p p e a r e d  a s  shown i n  f i g u r e  88. 
The r e g i o n  w i t h i n  t h e  r e c t a n g l e  h a s  b e e n  v i o l e n t l y  a t t a c k e d  
w h e re a s  t h e  s u r r o u n d i n g  o u t e r  r e g i o n  was b u t  s l i g h t l y  
a f f e c t e d ,  e s p e c i a l l y  i n  t h e  e a r l i e r  s t a g e s .
The d i f f e r e n t i a l  c h a r a c t e r  o f  t h i s  i s  shown i n  t h e  
h i g h e r  m a g n i f i c a t i o n  p i c t u r e s  (X 700) o f  f i g u r e s  89 and 90 .  
H ere  w i t h i n  th e  l a r g e  r e c t a n g l e  shown i n  f i g u r e  88, t h e r e  
a r e  s u c c e s s i v e  d i s c o n t i n u o u s  g r a d e s  o f  a t t a c k .  N e a r e r  t h e  
c e n t r e  t h e  a t t a c k  i s  f i e r c e ,  t h e n  come r e g i o n s  where t h e  
p o l i s h  marks  can  s t i l l  be  s e e n  t h r o u g h ,  f o r  t h e  e t c h i n g  
i s  w e a k e r .  The o u t e r  r e g i o n  h a s  a "pa thw ay"  a lm o s t  q u i t e
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f r e e  f ro m  any e t c h i n g  f o l l o w e d  by  a n a r ro w  e t c h e d  r e g i o n .
T h is  i s  f o l l o w e d  by  a f r e e  r e g i o n  t h e n  a g a i n  a f a i n t l y  
e t c h e d  r e g i o n .
Such c o m b in a t io n s  o f  s t r i c t l y  r e c t i l i n e a r  a r e a s ,  
e a c h  Y/ith i t s  own d i s t i n c t i v e  d e g r e e  o f  a t t a c k ,  a r e  
n o t i c e a b l e  a l l  r o u n d  t h e  p e r i m e t e r  o f  t h e  m a in  r e c t a n g u l a r  
p a t t e r n ,
A s t r i k i n g  p i c t u r e  g iv e n  i n  f i g u r e  91 r e v e a l s  t h e  
whole c h a r a c t e r  o f  t h e  e t c h .  Belovj, w h ich  i s  to w a rd s  t h e  
c e n t r e  o f  t h e  diamond f a c e ,  a r e  a m u l t i t u d e  o f  r e c t a n g u l a r  
p i t s ,  e n d in g  on w hat  i s  a lm o s t  a s t r a i g h t  l i n e .  Then comes 
a r e g i o n  vjhich i s  c l e a r l y  r e s i s t a n t  t o  e t c h i n g ,  b u t  on i t  
a r e  s c a t t e r e d  a few l a r g e r  p e r f e c t  s q u a re  p i t s .  The 
d i s t r i b u t i o n  o f  t h e s e  p i t s  i s  n o t  q u i t e  random f o r  t h e  
p i t s  do a p p e a r  to  be  on a few c l o s e l y  d e f i n e d  s t r a i g h t  
l i n e s .  Above t h e s e  l a r g e r  p i t s  i s  a s t r a i g h t  l i n e  o f  
s i n g l e  s m a l l e r  p i t s ,  and a f t e r  a f u r t h e r  c l e a r  a r e a ,  f a i n t  
p i t s  a p p e a r .  The s t r i k i n g  f e a t u r e  i s  t h e  r e l a t i v e  u n i f o r m i t y  
o f  th e  s i z e  o f  t h e  p i t s ,  i n  t h e  v a r i o u s  g r o u p i n g s .  The 
c o n c e n t r a t i o n  o f  p i t s  on s t r a i g h t  l i n e s  even w i t h i n  t h e  
dense  p a c k e d  lo w e r  r e g i o n s  i s  v e r y  c l e a r l y  i n d i c a t e d .
An i n t e r f e r o g r a m  a t  low m a g n i f i c a t i o n  and h i g h  
d i s p e r s i o n  f o r  th e  ad v an ced  s t a g e  a t  700^0 .  i s  g iv e n  i n  
f i g u r e  92 .  T h i s  p i c t u r e  f o r  t h e  whole f a c e  i s  o f  g r e a t  
i n t e r e s t .  I t  can  be  s e e n  how t h e  c e n t r a l  r e g i o n  h a s  b e e n
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a t t a c k e d  i n  a v e r y  u n i f o r m  m anner  f o r  t h e  i n n e r  r e c t a n g l e  
i s  r e l a t i v e l y  f l a t ,  b u t  th e  m o t t l e d  n a t u r e  o f  the  f r i n g e s  
c h a r a c t e r i s t i c  o f  d r u s y  s u r f a c e s  i s  n o t i c e a b l e .  I t  can  
be s e e n  f u r t h e r  f rom  th e  f r i n g e s  t h a t  t h e  b o r d e r s  s u r r o u n d ­
i n g  th e  r e c t a n g l e  a r e  d i s c r e t e l y  s t e p p e d ,  b u t  t h i s  t im e  
t h e y  s t e p  up to w a rd s  t h e  o u t e r  r e s i s t a n t  p a th w ay .
The v e r y  c l e a r l y  s e e n  s m a l l  s q u a re  p i t s  o f  f i g u r e  91, 
c h a r a c t e r i s t i c  o f  550^0 .  s t i l l  fo rm s  a t  7 0 0 ° C . , b u t  i n  
a d d i t i o n  l a r g e  i r r e g u l a r l y  ro u n d e d  s q u a r e  sh a p ed  d e p r e s s i o n s  
a r e  fo rm ed  and t h e s e  have concave  i n t e r i o r s .  A m u l t i p l e  
p r o f i l e  p i c t u r e  o v e r  such  a g ro u p  i n  an ad v a n ced  s t a g e  
a t  700°C. i s  g i v e n  i n  f i g u r e  9 3 . The d e p t h s  o f  th e  p i t s  
grow w i t h  t h e i r  s i z e  and f o r  th e  t h r e e  shown i n  t h e  f i g u r e ,  
w hich  have  s i d e s  o f  a p p r o x i m a t e l y  24 ^  , 38 , and 4 1 / ^ ,
t h e  r e s p e c t i v e  d e p t h s  a r e  0 . 7 > 2 .8  /I  and 3 . 6 , o v e r  
th e  s e c t i o n s  c r o s s e d  by  t h e  p r o f i k e s .  An i n t e r f e r o g r a m  
o v e r  th e  n e ig h b o u rh o o d  o f  one o f  th e  a b r a s i o n  m arks  i s  
g i v e n  i n  f i g u r e  94 (X 1 5 0 ) ,  V f i th in  th e  a b r a s i o n  mark ,  t h e  
f r i n g e s  have  l o s t  t h e i r  smooth c h a r a c t e r ,  show ing  c l e a r  
e v i d e n c e  o f  the  e x i s t e n c e  o f  s m a l l  p i t s .  T h ere  a r e  a l s o  
f o u r  l a r g e r  p i t s  c l e a r l y  s e e n  n e a r  th e  a b r a s i o n  mark and 
t h r e e  o f  t h e s e  a r e  t h o s e  s e e n  b e f o r e  i n  f i g u r e  93.  Both  
l i g h t  p r o f i l e  and i n t e r f e r o g r a m s  r e v e a l  ( a )  th e  a lm o s t  
s p h e r i c a l  c o n c a v i t y  w i t h i n  e a c h  p i t ;  and (b )  t h a t  t h e  
l a r g e s t  p i t  i s  d o u b le ,  " t w i n n i n g "  abou t  a d i a g o n a l  l i n e .
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a t  w h ich  t h e r e  i s  a d i s c o n t i n u i t y  o f  some h a l f  a l i g h t  
wave. The h i g h e r  c o n t r a s t  o f  th e  i n t e r f e r o g r a m  r e v e a l s  
t h a t  t h e  s i d e s  o f  th e  r i g h t  hand p i t  i n  f i g u r e  94 s t o p  
to  conform  w i th  a c h a r a c t e r i s t i c  s t r a i g h t  edged  b o r d e r .
A s i m i l a r  a r r e s t i n g  a t  a b o r d e r  l i n e  i s  s e e n  c l e a r l y
i n  f i g u r e  95 (X 700) a l s o  a f t e r  e t c h i n g  a t  700^0.
A l th o u g h  th e  d e c i s i v e l y  o u t l i n e d  b o r d e r i n g  l i n e s
a r e  a l l  o r i e n t e d  p a r a l l e l  to  t h e  s i d e s  o f  t h e  c r y s t a l  
ed g es  to  form  a t r u e  r e c t a n g l e ,  t h e r e  a r e  a few i n s t a n c e s  
o f  l e s s  d e e p ly  m arked  d i a g o n a l  l i n e s  c r o s s i n g  t h e s e  a t  45^ ,  
b u t  t h e s e  may w e l l  be  due t o  p o l i s h .  A t y p i c a l  su c h  m a rk in g  
i s  i l l u s t r a t e d  i n  f i g u r e  94 .
F i n a l l y ,  a t  th e  end s t a g e  a t  700°G. t h e  o u t e r  
b o r d e r  a r e a  i s  a l s o  u n d e r g o i n g  a t t a c k  b u t  th e  p a t t e r n  
c o n s i s t s  o f  a l a r g e  number o f  b r o a d  s h a l lo w  p i t s .  These  
f e a t u r e s  a r e  shown i n  f i g u r e  96 (X 7 0 0 ) .  At th e  to p  
o f  th e  p i c t u r e  t h e  b o r d e r  a r e a  i s  s e e n  to  c o n s i s t  o f  a 
l a r g e  number o f  p i t s .
Thus i t  c a n  be s a i d  t h a t  t h e r e  seems no doubt  ab o u t  
t h e  f a c t  t h a t  t h e  e t c h i n g  h a s  r e v e a l e d  some form o f  
l a m i n a t i o n  i n  t h e  c r y s t a l ,  a l t h o u g h  on a c o a r s e r  and l e s s  
i n t e n s i v e  s c a l e  t h a n  fo u n d  on t h e  diamonds d e s c r i b e d  i n  
C h a p t e r s  14 and 15.
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Cube face (lOO), Catalogue No. E^(a)
This was another crystal with two polished 
approximately cube faces. The crystal was type I and 
h i g h l y  biréfringent. , The faces were not quite cube an-d 
were misoriented by a fair amount as fovni from the shapes 
of the etch pits. The surfaces were v e r y  smooth and the 
fringe pattern of the interferogram given in figure 97 
show the usual surface structure due to polish marks.
The etching was done at intervals of 5 0 ° ,  one hour  e a c h  
time. As the etching was p u s h e d  up to 600^C. t h e  etching 
effect was more p ro n o u n c e d .  R id g e s  s t i c k i n g  out of the 
f a c e  and parallel to the edges of the face were observed 
as before. The o b s e r v a t i o n  was verified by fringes of e q u a l  
chromatic o r d e r .  The phase contrast micrograph of the 
whole face and  the interferogram of the same is given in 
figure 98 and 99.  These pictures are showing  th e  condition 
of the crystal after e t c h i n g  at 700^C. The interference 
picture was taken by using an optical flat with one 
'h/^ thick layer of zinc sulfide. The reflectivity of t h e  
flat m a tc h in g  with that of unsilvered diamond gives quite 
a good interference picture.
It can be seen from these figures that there h a s  
been a misorientation of the crystal face by a fairly l a r g e  
amount d u r i n g  polishing and so we have the characteristic
\^r-
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r e c t a n g u l a r  p a t t e r n  b u t  th e  r e c t a n g l e s  a r e  d i s t o r t e d  i n t o  
a t r a p e z i u m .  The e t c h  p i t s  a l s o  a r e  n o t  p e r f e c t l y  square-  
s h a p e d .  L a r g e r  p i t s  w i t h  f l a t  b o t to m s  o r  p y r a m id a l  i n  
shape  p h o to g r a p h e d  a t  h i g h  power a r e  shown i n  f i g u r e s  100 
and 101 .
F i g u r e  100 i s  a p r o f i l e  p i c t u r e  and  th e  v a l u e  o f  
t h e  d e p t h  o f  th e  p i t  a t  t h a t  p l a c e  i s  1 4 . 3 / ^ .
1 2 1 .
CHAPTER 17 
CEEERAL CONCLUSIONS
The e t c h i n g  o f  diamond h a s  thro'tvn a c o n s i d e r a b l e  
l i g h t  on a s e c t i o n a l  h i s t o r y  o f  grov^th o f  diamond as  a 
v /hole .  The i n f o r m a t i o n  a b o u t  t h e  l o s s  i n  w e i g h t s  o f  t h e  
d iamonds e t c h e d  shows t h e  d e g re e  o f  v i o l e n c e  s u f f e r e d  i n  
e t c h i n g .  The f o l l o v j i n g  t a b l e  g i v e s  t h e  c o l l e c t e d  f i g u r e s  
f o r  t h e  c r y s t a l s  o b s e r v e d  i n  t h i s  work*
C r y s t a l
C a ta lo g u e
No.
D e s c r i p t i o n W t .b e f o r e  
e t c h i n g  
i n  gm.
W t . a f t e r
e t c h i n g  
i n  gm.
io l o s s  
i n  Wt.
N a t u r a l  O c ta h e d ro n  
f a c e s  
t y p e  I
0 .0 9 8 4 0 .0 6 8 9 305^
P o l i s h e d  dodecahed­
r o n  f a c e s  
t y p e  I
' 0 .1 5 3 0 0 .1 4 9 4 2 .3 ^
E (a ) P o l i s h e d  cube f a c e s  0 .1125  
ty p e  I
0 .1 0 7 3
C leav ag e  ( 1 1 1 ) f a c e  
ty p e  I I
0 .4 o 6 o 0 .4 0 1 4 1.1?5
I n  th e  c a s e  o f  c r y s t a l  C^fb) where  th e  l o s s  i s  30^ 
t h e  g r e a t e r  l o s s  o f  27.75^ h a s  b e e n  n o t i c e d  b e tw e e n  700° 
t o  800OC. as  e t c h i n g  t e m p e r a t u r e s ,  w h e re a s  up to  700°C. th e  
l o s s  was 3^ o n l y .  The l o s s  i n  w e ig h t  shows t h a t  t h e  r e a c t i o n  
i s  v i g o r o u s  when h i g h e r  t e m p e r a t u r e s  a r e  u s e d  f o r  e t c h i n g .
1 2 2 .
W i l l i a m s  (1932) lias r e p o r t e d  33^6 l o s s  i n  w e ig h t  when 
e t c h i n g  was c a r r i e d  o u t  a t  h i g h  t e m p e r a t u r e .  Thus by  
e t c h i n g  a t  low t e m p e r a t u r e  th e  a c t i o n  i s  n o t  v e r y  v i o l e n t  
and  th e  i n t e r m e d i a t e  s t a g e s  o f  e t c h i n g  w ere  r e c o r d e d .
On a l l  t h e  ( 1 1 1 ) ,  ( l l o ) ,  p o l i s h e d  and (lOO) p o l i s h e d  
f a c e s  c o n s i d e r e d ,  e t c h i n g  i n  e a c h  ca se  l e a d s  i n  th e  f i r s t  
i n s t a n c e  to  th e  p r o d u c t i o n  o f  a l a r g e  number o f  random ly  
d i s t r i b u t e d  e t c h  p i t s .  The p i t s  o b s e r v e d  have  s h a p e s  i n  
a c c o r d a n c e  w i t h  c r y s t a l l o g r a p h i c  e x p e c t a t i o n  and  a r e  
r e s p e c t i v e l y  t r i a n g u l a r ,  b o a t - s h a p e d  and s q u a r e  i n  o u t l i n e ,  
d e p e n d in g  upon  th e  f a c e  o f  t h e  c r y s t a l .  I n  ea ch  c a s e  t h e  
i n n e r  s u r f a c e s  o f  t h e  e t c h  p i t s  become c u rv e d  as  e t c h i n g  
a d v a n c e s .
The m ost striking feature is the appearance of the 
straight line patterns, ea c h  in strict conformity with 
crystallographic d i r e c t i o n s .  These lines are in all cases 
linear r e g i o n s  which are more r e s i s t a n t  to e t c h i n g  than the 
n e i g h b o u r i n g  a r e a s  and thus emerge as strictly rectlinear 
ridgeSo They afford clear e v i d e n c e  that in each c r y s t a l ,  
g ro w th  h a s  proceeded by a layer f o r m a t i o n ,  the layers 
b e i n g  p a r a l l e l  to ( 1 1 1 ) .  Whereas in the c l e a v a g e  and
i n  t h e  s t o n e  w i th  o c t a h e d r o n  f a c e  t h e s e  p a r a l l e l  l a m i l l a e
v i r t u a l l y  dom ina te  t h e  whole  c r y s t a l ,  i n  t h a t  w i t h  t h e  
cube f a c e  e i t h e r  t h e y  a p p e a r  t o  have  become f i r m l y
123.
established, only at a later stage, or they are closely 
packed Yâthin the inner regions as to be optically un- 
re solvable as individuals, a conjecture T/hich is not quite 
unreasonable. Nothing is known about the time required 
for a diamond to grow, but the evidence here indicates 
growth to take place in successive irregular stages. These 
observations can be readily accounted for by simply 
postulating that the end of each growth lamella leads to a 
condition such that the edge of the junction is relatively 
more resistant to slight etching than is the rest. Thus, 
provided the etching is not violent the boundaries will 
be left standing as ridges,
AS mentioned before no growth spirals on diamond 
are recorded in the case of all the surface studies on 
natural octahedron faces points to growth by plane sheet 
mechanism. The observations on etching reported in this 
work confirm the correctness of this view.
The v;hole mechanism of etching of diamond is thus 
explained and fully recorded for the first time.
124.
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The etching of diam ond
I. Octahedron faces
By M. O m a b , N. s . P a n d y a  a n d  S. T o l a n s k y , F.R.S.
Royal Holloway College {University of London), Englefield Green, Sim'ey
{Received 6 February 1954)
[Plates 1 to 3]
The evolution of etch phenomena on (111) natural octahedron faces of a number of good- 
quality diamonds, produced by immersion in hot potassium nitrate in tem peratures ranging 
from 500 to 700° C, is studied optically. The techniques employed are high-resolution 
microscopy under a variety of illumination conditions, multiple-beam interferometry and 
light-profile microscopy.
Although the etching mechanism is continuous it is conveniently divided into three 
stages. I t  is established th a t the first stage begins w ith a preferential a ttack  on any existing 
surface flaws and then develops into a random distribution of a large num ber of small etch- 
pits. The distribution of these is random, b u t the concentration of etch-pits is less within any 
growth trigons than  elsewhere, and it is presumed th a t this is because of a lower concentration 
of dislocations w ithin the trigons.
In  the second stage, a relatively small number of etch-pits grows steadily and these 
devour their smaller neighbours. The comers become rounded and flat-bottomed pits are 
frequent. An explanation is proposed. In  this stage any growth trigons tend to become 
hexagonal in outline, and the mechanism for this is unfolded and described.
The th ird  stage occurs when the whole of the original face has been eaten away. I t  is 
characterized by spread and deepening of the pits such th a t a t first they become triangular 
pyram id depressions and then ultim ately a  striking block formation results. I t  is established 
by optical measurement th a t the pile of blocks have plane sides which are m ainly (221) (212)
(122) faces and as etch develops less prom inent (331) (313) (133) faces develop. Ultimately, 
these tend to become (334), etc., bu t then rounding sets in and the crystallographic faces 
tend to lose their character.
INTRODUCTION
Experiments on the etching of diamond have been reported by, among others, 
Luzi (1892), Fersmann & Goldschmidt (1911) and Wilhams (1932). Luzi heated 
his diamonds in the original blue-ground material from which they were mined, 
at the relatively high temperature of 1770° C. Fersmann & Goldschmidt and also 
Williams employed potassium nitrate in a flux heated to some 900° C. It appears 
reasonably well estabhshed that in these cases oxygen was hberated and the 
etching mechanism was essentially an oxidation process. It is well known too 
that diamonds etch when heated in oxygen.
It has long been known that etching leads to the production of triangular etch- 
pits oriented in a direction opposite to the commonly observed trigons, which 
Tolansky & Wilcock (1946) proved to be due to growth. Since we have now 
available more refined optical techniques than were at the command of earfler 
workers a systematic examination of etching has been undertaken, beginning at 
much lower temperatures. It has therefore been possible to observe effects in the 
earlier and more interesting stages of etching, which has been studied with 
the phase-contrast microscope (Zernike 1942 ), multiple-beam interferometry
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(Tolansky 1948) and the light-profile microscope (Tolansky 1952). In a brief 
earlier note (Tolansky & Omar 1952) it has been indicated that marked etch 
effects begin at as low a temperature as 525° C. We have therefore studied etch 
on a number of diamonds using the temperature range 500 to 700° C.
The diamonds used were selected from large stocks and were chosen such that 
some had very smooth surfaces with only few growth trigons, while others ex­
hibited a hberal profusion of trigons. They were first examined and structural 
features recorded by the microscope, by interferometry and by the light profile. 
The diamonds were then variously heated in an electric oven for an hour at a time 
in fused potassium nitrate either in a platinum or a nickel crucible. After heating 
for 1 h at a given temperature each diamond was removed for examination. It 
was then reheated for 1 h but at a temperature variously either 25 or 50° C 
higher than the former.
This procedure was carried through to 700° C, and in the range 500 to 700° C 
the successive etch stages were recorded in detail. Beyond 700° C the extent of 
surface destruction made the effects too coarse for precision techniques.
Although the etching is probably a continuous process, yet there appear to be 
three reasonably well-defined stages, and it will be convenient to describe the 
observed phenomena in such stages.
E t c h in g  
Stage 1
In the first stage, which appears to begin on most of the diamonds studied at 
or near to 525° C, etching leads to a widely distributed large number of extremely 
small pits. Many are presumably below microscope resolution, revealing their 
existence by local reduction of the reflecting power of the surface.
The distribution of these small first-stage pits appears to be of two very distinct 
kinds, namely, 1 (a) with crystallographically oriented patterns and 1 (6 ) with 
random distribution.
Stage 1 (a)
Stage 1 (a) is not found on all crystals, but where it exists, it precedes the random 
stage 1 (6).
The crystallographically oriented patterns are always small and consist of 
contiguous chains of very small pits distributed in a specifically oriented manner, 
usually based on a hexagon pattern in which the hexagon sides are parallel to the 
growth sheets and to the sides of the growth trigons. In many of these patterns 
we have failed to resolve the individual pits. A group of such etch patterns is 
shown in figure 2 , plate 1 . The magnifications are of the order x 1 000 . The features 
shown from different crystals are those lettered a, 6 , c, d, c.
Some of these patterns are spiral in character and others form closed shapes. 
The majority are clearly based on an equilateral triangle or a regular hexagon. 
Figure 2/ ,  at higher magnification ( x 2000), shows how indeed these patterns are 
really concentrations of etch triangular pits. It is noteworthy that the concentra­
tion of pits on these oriented patterns considerably exceeds both in number and
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in size the concentration of any pits in the surrounding region. We have found a 
satisfactory explanation of these unusual etch patterns. Tolansky & Halperin 
(1954) have found on a number of very high quality (111) faces on different good 
diamonds, that there often exist on such faces hexagonal ring crack patterns which 
they have shown by interferometry can be considered the equivalent on diamond 
of the Hertzian ring cracks formed on glasses which have been impacted. Even on 
the best of diamonds there are small surface defects of exactly the size and pattern 
as those revealed here by etching. These defects, possibly caused by impact with 
other diamonds or by crushing machinery during mining, are effectively surface 
cracks, with raised edges, usually a few hundred angstroms above the surround, 
mostly below 1000 A.
We find that such details on a diamond are often sufficiently shallow to be missed 
by direct optical studies and can indeed only be expected to be seen in favourable 
circumstances even by refined methods. We have found that if a diamond has on 
it such a feature then there will be preferential etch attack on the exposed ledges 
of the cracked region. In a sense then the etching can be treated as a developing 
process. The similarity between these oriented etched patterns and the ring cracks 
observed on even ‘perfect’ faces is striking. '
We illustrate in figure 2 gr ( x 500) one of these typical small ring cracks on a 
diamond. This diamond was then etched at the lower temperature range, and as" 
shown in figure 2h preferential etch has developed precisely on the ledges of the 
ring crack pattern. It is quite certain that the etched patterns 2 a to 2/  have 
similar origins to etched pattern 2h.
We stress the fact that we do not now consider the pseudo-spiral etched patterns 
to offer any evidence whatsoever for the existence of spiral growth dislocations of 
the type such as have been found in this laboratory for other crystals (Verma 19 5 1 ). 
In this connexion it can be recorded that detailed study of a large number of 
natural diamond octahedron faces has failed entirely to reveal any trace of growth 
spirals.
The succession of etched partial hexagons on figure 2 e lying on an etched scored 
mark is strongly reminiscent of a machine tool chatter and may weU be due to 
a succession of surface cracks caused by the movement of a hard point over the 
diamond (the whole feature recorded is only about ^  mm long). The discrete 
triangular pits in this etch complex are resolved on the original photograph.
Stage 1 (6 )
The etch stage 1 (a), if it exists, is followed by random pit distribution on the 
major area of the face. Some crystal faces do not show the 1 (a) stage, and if so 
etch begins with the random distribution of stage 1 (6 ).
Figures 2i ( x 150) and 2j  ( x 250) are typical examples exhibiting the random 
distribution. The large triangular regions, oppositely oriented to the sinall etch- 
pits, are the growth trigons. There is a frequent tendency for the concentration of 
etch-pits within the trigons to be markedly less than in the surrounding regions. 
Typical examples are shown in figure 2 Zj,Z,m ( x 375) and if it be considered that 
etch-pits start at dislocations this would indicate a lower concentration of dis-
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locations within the growth trigons. It is generally considered that dislocations 
encourage growth. As the regions within the trigons are growing at a slower rate 
than the outer regions, it is reasonable to conclude that trigons represent regions 
of low concentrations of dislocations. These observations on etch are therefore in 
harmony with those on growth.
These small early-stage etch triangles are usually well formed. Figure 2n 
shows a well-defined group taken with high power ( x 900) on a diamond etched at 
525° C. The high contrast was secured with multiple-beam interference methods, 
for figure 2n is not a direct photograph but a multiple-beam interferogram taken 
with high dispersion (Tolansky 1948).
The fringe background region is dark and the smaller the etch-pit the fainter 
it is, proving that the smaller pits are shallower than the larger. The smaller pits 
are probably less than 50 Â deep ; all but the largest pits are still only a fraction 
of a light wave in depth. Although the triangles are weU formed there is distinct 
and clear evidence of rounding at the corners.
A typical etch for 1 h at 550° C produces etch-pits ranging in size from very 
small up to some 4/1 across. Resolvable pits can be distributed with a density 
perhaps of the order of 2 x 10  ^per sq.cm. This figure is certainly a lower limit only. 
In this first stage increasing the time of etch for a given temperature largely 
increases the number of pits rather than their sizes.
Stage 2
A second stage appears to set in after a temperature of about 575° C is reached. 
In this, a limited, relatively small, number of pits increase in size, devouring up 
smaller neighbours. The further the etching proceeds the fewer and larger do the 
pits become. Simultaneously a specific characteristic attack on growth trigons 
takes place. These effects are well shown by figure 2 o to r. Figure 2 o ( x 30) 
shows part of a good octahedron face before etching. A small number of well- 
defined growth trigons is visible. Etching at 550° C produced the usual first stage. 
Figure 2p shows the onset of the second stage, after etching for 1 h at 600° C. 
Figure 2q shows the same region after a second hour at 600° C. We emphasize 
that the etch-pit corners are usually rounded. Further etching at this temperature 
leads to figure 2r.
Thus, contrary to expectation, the more vigorous the etching, the lower is the 
density of the etch-pits. Interferometric examination at any stage shows that no 
particular depth is favoured. Figure 3/, plate 2 , is an example of an advanced 
stage 2 , with interference fringes, taken with a fairly high power. The interfero­
gram shows that pit depths vary from a fraction of a light wave up to several 
light waves. It is noteworthy that the etch-pits all have rounded corners.
The attack upon growth trigons is often quite specific, although variation has 
been observed. The devouring process within the trigons proceeds in a manner 
similar to that observed outside the trigons. Although the number of separate 
pits within a trigon is often fewer than outside, the rates of growth of the separate 
pits, both within and without the trigon, are not very different. Often a growth 
trigon is converted, by etching into a shghtly larger hexagon, through truncation
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of the trigon corners, and our tracking through of the mechanisfn is shown with 
X  400 magnification in figure 3a,6,c, which illustrate three different growth 
trigons at various stages of attack.
There is specific preferential attack on the edges and at the corners of the 
growth trigon, especially at the corners. It seems as if a particularly extended pit 
develops at each corner, and at the same time attack proceeds on the trigon side 
edges to lead to the hexagon shape, as shown in figure I. Here 1(a) represents 
the original trigon, 1 (6 ) shows the three well-developed pits at each corner 
(oriented opposite to the trigon) and the arrows indicate the direction of attack on 
the ledges. Finally, 1 (c) shows the hexagon formed through this mechanism. 
In it we see a pattern somewhat larger than the original and with small truncated 
rounded edges in the regions of the original corners.
A
/  \
t-__________________ A
F ig u r e  1
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Figure 3a,6 ,c shows quite clearly how this mechanism is proceeding, for in these 
three different examples we have been able to stop etching during the process, 
and so to speak, have a frozen-in picture of the mechanism leading to hexagon 
formation. The three large corner pits whose sides produce the hexagon can be 
clearly seen especially in 3 a and 3 c.
The contours of the pits
The contours of the etch-pits have been studied by the light-profile microscope 
and by interferometry. In the light-profile a line shadow is thrown on to the 
surface at an angle. This shadow line displaces as it traverses alternations of height, 
and thus gives a true contour picture. The technique can be used conveniently 
with magnification of between x 500 and x 2000 and when used with an im­
mersion lens gives the same magnification in depth as in extension. Figure 3e 
( X 1000) and d ( x 250)* show in different cases the topographic character of the 
etch-pits. They are rounded triangles with sides sloping in to reach a flat truncated 
base. Displacement of the shadow profile to the left corresponds to a depression, 
the depth in 3c being 0-75/6.
The same topographical character is shown by an interferogram 3 / ( x 500) for 
another typical region. Notable is the way in which the fringes show that the 
base of the etch-pit is often almost fiat. In a few instances the depression is 
pyramidal, going down in a shallow curve to a rounded tip. The fiat-based pit is
* Plates 1 and 2 have been reproduced at half size and plate 3 at two-thirds.
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by far the more common. Since there is considerable variation from crystal to 
crystal, even from face to face on any one crystal and even on any part of any one 
face, it is pointless to record specific measurements. The main feature of interest 
is the fact that all pits on any one region have approximately similar dimensions, 
both in extension and in depth. This is only true in the middle of this stage of 
etching, for as etching proceeds, violent changes occur.
The existence of the fiat bottom is in complete harmony with the facts recorded 
for the earlier stages and is interpreted as follows. It is clear that the fiat bottoms 
are (111) faces, for they are parallel to the original face before etch. Now the fact 
that pits, once established, tend to devour each other and compete such that a 
few relatively large pits emerge, proves that the etch attack on the inside edges 
of a pit is faster and more vigorous than that on the rest of the as yet not at all 
(or only slightly) attacked surrounding (1 11) regions. Hence within a pit itself 
there will be a slower rate of attack on the newly exposed (1 11) plane. Thus one 
can predict that the sides of the pit will extend at a more rapid rate than the attack 
on the basal (111) plane. The formation of a flat-bottomed pit is a necessary 
result.
Of course the new (111) plane is not totally resistant, hence as etching proceeds 
further it can be and is removed, to result ultimately in a depressed rounded 
pyramidal pit.
Stage 3
We call stage 3 that which develops when the etching has proceeded so far that 
the pits have extended such that they meet and have devoured the whole of the 
original (111) face. This is of course merely a convenient arbitrary distinction, 
since etching is continuous.
In this stage all flat-bottomed pits tend to convert into pyramidal depressions the 
nature of which is shown in a very clear manner by the interferogram ( x 125) 
in figure 3 g and by the much more advanced stage shown ( x 125) by the inter­
ferogram in figure 3 A. These two pits are respectively 3 and 16/6 deep. It is of 
interest to draw attention to the fact that multiple beam interferometry is easily 
usable with such a pit which is 32 light waves deep and having angles of inclina­
tion of some 6° between the sides.
When stage 3 fully develops, remarkable block patterns make their appearance, 
as shown in figure 4a ( x 400), plate 3.
This striking picture has been taken with a catoptric illuminator to enhance 
contrast and constitutes a most deceptive optical illusion. One has the impression 
of looking at rectangular blocks piled up on one another. The view looks almost 
hke a perspective of distant rectangular blocks. Yet in fact the pattern is built 
up from triangular pyramidal depressions whose sides are inchned at angles of 
the order of 16°. That this is the true interpretation is shown both by the profile 
picture figure 4c ( x 600) over one such feature and by the multiple beam inter­
ferogram, figure 46 ( x 700) over a group of such blocks. The block formation can 
be easily recognized in the interferogram and co-ordination between any micro­
graph and its interferogram can be made exact.
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The transition from deep triangular pits to the regular rectilinear blocks is 
shown in the interferogram figure 3 c for a different crystal. (This is a two-beam 
interference picture.) The block formation is as yet imperfect compared with 
that in figure 4a.
We have evaluated angles between block faces by three separate methods, 
namely interferometry, the light-profile, and also by direct goniometry. Because 
the fringe interference patterns have been secured with a high magnification 
(exceeding 1000) the measurement of large angles by interferometry becomes 
practicable and it will be recognized from the interferogram figure 46 that angles, 
even large by goniometric standards, can be readily evaluated over micro- 
regions. In the use of the light-profile with its one to one magnification in depth 
and in extension, the same is true, and it is recognizable from figure 4c that the 
angles of inclination between the faces of the pyramidal pit are large and readily 
evaluated. Finally, the striking uniformity of the blocks of plane parallel faces 
enables a satisfactory goniometric determination to be made despite the micro- 
character of the individual blocks.
All three methods are in close agreement in establishing the existence of a 
relatively small number of crystallographic faces in the block pattern. The most 
prominent are the group of faces (2 2 1 ) (2 1 2 ) (122). Once the block characteristic 
has been established and as etching proceeds, another group of faces appears 
although not so prominent, and this group consists of (331) (313) (133). There 
seems to be some evidence that as etching proceeds these latter faces tend to 
become (334), etc., but at this stage rounding begins to set in and because of this 
rounding we do not consider it worth while to record approximations to crystallo­
graphic planes, since under rounding conditions such descriptions have little 
meaning.
It is of interest to point out that the plane sides of the blocks occasionally 
exhibit quite small secondary pits on their otherwise plane surfaces. In the case 
shown in figure 4 a the triangular pyramidal depressions which lead to the appear­
ance of the blocks are variously of the order 2000  to 1 0 0 0 0 Â deep. The specific 
depths have little significance since the particular pattern appearing varies with 
the time of etching.
Finally we have noted that resistant (111) plane regions within the body of the 
crystal are at times met with, leading to the formation of relatively large fiat- 
bottomed craters, a typical example of which is shown in figure 4d ( x 500). The 
light-profile across the crater reveals its shape quite clearly. The crater is almost 
exactly 0-1 mm across at the top, and the depth is about 4/6. Such a crater can be 
considered to be formed by an extension of that same mechanism which led to 
flat bottom in so many triangular etch-pits in the second stage of etching, i.e. it is 
because etching has proceeded until a (111) region has been encountered which is 
relatively free from dislocations and thus relatively more resistant to etch.
The effect of etching on cleavage, cube and dodecahedron faces of diamond will 
be described in part II (Pandya & Tolansky 1954).
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The etching of cleavage (111), dodecahedron (110), and cube (100) faces of three different 
diamonds is studied optically using high-resolution microscopy, multiple-beam in ter­
ferometry and the light-profile microscope. Etching in the tem perature range 500 to  700° C 
is obtained w ith fused potassium nitrate. *
In  accordance with crystallographic expectation the etch-pits observed are triangular 
for (111), boat-shaped for (110) and square for (100). The evolution, distribution and shapes 
of the pits are discussed. Some depths are evaluated by interferom etry and by the light- 
profile. A new feature which has emerged in each case is the appearance of a strongly 
m arked rectilinear pa ttern  proving each of the three diamonds to  have a lam inated structure.
The (111) face is crossed with lines parallel to (111) edges, the (110) face is filled by a beauti­
fully regular set of concentric hexagons with the sides parallel to (111) edges, and the cube 
face reveals an equally striking set of concentric rectangles, filling m ost of the face. These 
patterns consist of straight, slightly raised, ridges and are regions less susceptible to etch 
a ttack  than  the surrounding areas. Their profiles are dem onstrated optically.
The pattern  offers clear evidence th a t in each crj'-stal, growth has proceeded by layer 
formation leading to a strongly laminated fine structure. The etch-patterns reveal for the 
first time a sectional history of the growth of the diamond. The observations can be accounted 
for by postulating increased resistance to etching a t the onset (or end) of each layer.
The proposed growth by sheet layers is in conformity w ith the failure to find growth 
spirals from the examination of some hundreds of octahedron diamond faces.
I n t r o d u c t io n
In this paper a description is given of the etching stages observed on three different 
diamond faces, cleavage, dodecahedron and cube, each on a different good- 
quality transparent diamond. With regard to these three kinds of face we have not 
found any descriptions in the literature of etch on a cleavage face. Williams (1932)
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from the examination of some hundreds of thousands of diamonds concluded that 
etch cavities are not found on naturally occurring dodecahedron faces. He con­
jectured from comparisons made with etched cuprite that etching a diamond 
dodecahedron face should lead to canoe-shaped depressions, elongated per­
pendicular to the long diagonal of the rhombic face, but does not report any 
examples. Sutton (1928) did etch a dodecahedron face at 900° C and described 
unsymmetrical long, narrow, chisel-shaped depressions, not fully resembling the 
predictions of Williams, but closely allied to them. Williams etched, at 900° C, 
a naturally occurring cube face (uncommon) and Sutton also etched an approxi­
mation to a cube face, secured by polishing, at 900° C. Both are agreed that 
square pits appear. In none of these earlier experiments were precision methods 
applied.
We have etched in a lower temperature range (500 to 700° C) and revealed 
much that earlier observers have missed. In these experiments etching was 
carried through for intervals of 1 h, the crystal being removed for examination 
after each period. The appearance of the surface was used as a guide for indicating 
whether the succeeding hour of etching should be conducted at the same or at 
a higher temperature. Observations by this method were laborious and prolonged, 
but we do have a complete record in this way, an important point, for of course 
each successive etching modifies the earlier patterns and often obliterates inter­
esting detail.
( I l l )  C l e a v a g e  f a c e
It was shown in part I (Omar, Pandya & Tolansky 1954 ) that the etching of the 
natural (111) faces of diamonds with hot potassium nitrate in the temperature 
range 500 to 700° C proceeds in three reasonably well-differentiated stages. In 
stage 1 (500 to 550° C) after preferential attack on surface defects, there is random 
distribution of small pits, with a pit density markedly less within growth trigons 
than within other regions. In stage 2 (550 to 625° C) a relatively few of these 
etch-pits develop at the expense of others, to form flat-bottom triangular depres­
sions with rounded corners. In stage 3 (625 to 700° C) which is that which appears 
when aU the original (111) face has been eaten away, a striking block pattern can 
form, and in some regions extended flat-bottom craters appear. These temperature 
ranges are only approximate since there is variation in behaviour from crystal 
to crystal.
These studies are extended here to include a (111) cleavage face, using, as before, 
the same etchant, the same temperature range and the same optical techniques, 
namely a variety of microscopic contrast techniques, multiple-beam interferometry 
and the hght-profile microscope. Any attempt to apply precision optical methods 
to a diamond cleavage face involves an initial difficulty. For although tradition 
has it that the (111) cleavage of diamond is perfect, yet an interferometric examina­
tion in this laboratory by Tolansky & Wilks on a hundred and twenty cleavages 
has revealed that the great majority of cleavages are optically very rough indeed 
by interferometric standards, and more conchoidal in character than plane. We 
have, however, established a remarkable difference between the cleavage of type I
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and type II diamonds (Tolansky 1953). In the latter only is the cleavage relatively 
perfect, such that in all the hmited number (seven) of the type II cleavages yet 
examined, a fairly smooth step formation results. Thus we have selected a type II 
cleavage for etching, since this gives a good initial surface amenable to precision 
examination. The type II character was determined by the ultra-violet trans­
mission which went down to nearly 2000 A. A region of the cleavage is shown in 
figure 4a ( x 110), plate 4. An interferogram of a more extended area ( x 37) is 
shown in figure 4b. This exhibits the characteristic fiat strip steplike character 
which we have found on all the type II diamond cleavages examined.
Etching at 550° C for 3 h leads to an unexpected result. The surface becomes 
covered with a multitude of minute irregular pits which are arranged such that 
there appear two distinct sets of parallel fines, inclined at 60° to each other. 
Figure 4c ( x 37) illustrates this character. One set of parallel fines predominates 
strongly. The cleavage available was only part of a crystal and we conjecture that 
a more complete specimen might have shown fines in the third 60° direction.
The shallower cleavage steps have been obliterated by this slight etch, but the 
deeper cleavage steps remain. Progressive etching at the same temperature, for 
some 5 h merely deepens the whole effect.
A photomicrograph after 4 h ( x 110) figure 4d reveals the many irregular pits, 
the 60° cross pattern, and also solution channels. Such a channel shown at x 470 
is shown in figure 4 c. This seems to suggest local twinning over the small area. 
The structural details of the pits have been studied with higher optical powers. 
By analogy with observations on the natural (111) faces (in part I) triangular 
etch-pits with rounded corners are to be expected. In fact, both triangular and 
hexagon-shaped pits appear, as shown in figure 4 / ( x 930) and in the fight-profile 
picture of figure 4g {x  1300). This latter feature is 0 -2/6 deep. Figure 4A( x  1300) 
gives the detail of another triangular structure with truncated angles.
Examination of the distribution of the pits, together with study of interfero- 
grams shows that the parallel fines are not in fact rows of pits, but are narrow 
ridges (see figure 4i). Pits form between these linear ridges and each ridge fine 
appears to be a resistant region such that pits reach up to it and appear to cease. 
Thus in a sense the parallel fines are the envelopes of pits of variable size.
There seems no doubt at all that the pattern of parallel narrow ridges left 
standing proud after the etch, reveals the existence of a laminated internal fine 
structure within the body of the crystal. It would appear that the diamond has 
grown by the laying down of a very large number of thin lamellae, sheets parallel 
to the (111) planes. The etching has revealed the edges of these planes, which in 
many regions appear to be some 2 to 4/t apart. It is well to point out that this fine 
structure differs from the coarse surface laminations found at times upon some 
crystals.
P o l is h e d  d o d e c a h e d e o n  (110) f a c e
A diamond with a natural dodecahedron face not being available, a close 
approximation to such a face was secured by appropriate polishing from an 
octahedron, as shown by the shaded region in figure 1. An interferogram of part
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of the surface prior to etching ( x 15) is shown in figure 5a, plate 5. The section 
secured is relatively flat and smooth. As on other pohshed faces we have formerly 
studied, there exists a residual small-scale fine structure, readily seen in the 
fringe pattern.
The etching was carried out in the range 500 to 650° C in 50° steps. At each 
temperature etching was carried out in successive stages of 1 h until features of 
interest were fuUy developed, and as before the crystal removed for examination 
at each stage.
At 550° C an enormous number of micro-pits developed, mostly too small for 
their true shape to be adequately resolved. These pits are too small and too 
numerous to enable their concentration to be obtained with much reliance. They 
certainly exceed 3x10® per sq.mm. in some regions.
F ig u r e  1
Although these minute pits are distributed at random and give a matt appear­
ance to what was formerly smoothly pohshed, yet they are situated to some 
extent with differential density grouping within an independent rather remarkable 
hexagonal pattern. Both the individual etch-pits and the hexagonal pattern 
become more and more pronounced with increasing time and rise of temperature 
and are shown fully at 600° C.
Figure 56 ( x 2 0 0 ) shows the mottled character of the minute pits at 650° C 
and figure 5c ( x 15), with phase-contrast illumination, shows the fully developed 
hexagonal pattern over the whole face, using much lower magnification, for it 
fills the whole crystal face. We shall establish that these two characteristics involve 
quite distinct mechanisms.
As etching proceeds some of the pits grow and by 650° C their size is sufficient 
to reveal their shapes. In outline they are individual boat-shaped depressions, 
exactly as predicted by Wilhams. With our temperatures these are small but we
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have found a few as long as 0 04 mm. Thus figure 5 d ( x  2 0 0 ) shows a small group 
each 0*02 mm long.
These pits are all oriented in accordance with the prediction of Wilhams. 
Further, they occasionally aline up either in series or in parallel to form hnear 
chains. The constituents of a chain have closely similar dimensions. A parallel 
chain is shown in figure 5e ( x 2 0 0 ) the pits being 25/6 long. Figure 5 / ( x 350) 
shows a hnear chain of pits, each 2 J/6 long.
We have examined the larger pits with the hght-profile and show ( x 500) a 
typical example in figure 6g. The boat-shaped pit has a sharply defined ‘keel’. 
The depth (at the widest part) is 1-6 /6. All these pits are symmetrical, as distinct 
from the unsymmetrical pattern illustrated by Sutton.
The hexagonal pattern will now be considered. This consists of dense concentra­
tions of lines which form both complete and incomplete concentric hexagons. 
Although strictly parallel to each other, and to the ultimate edge boundaries of 
the dodecahedron face (which boundaries he in (111) faces), these do not form 
exactly regular hexagons. We find, sufficiently closely, that the angles in pairs are 
110°, 122° and 128°. This can be explained by postulating a mis-orientation of the 
pohshed face by only about 1°. If the orientation had been exact, the angles 
would have been 109° 28', 125° 16', 125° 16'. This can weU be the case for we have 
found on a pohshed cube face produced from the same pohsher, a somewhat larger 
mis-orientation.
The striking perfection of rectilinearity of these outlines is shown in figure 5 li. 
The close packing, in some regions with components on, and probably also below, 
the hmit of optical resolution is shown in figure 5 t ( x  350). A large number of the 
hexagons complete in a perfect manner, as shown by the groups at the one corner 
in figure 5A. However, this is not always the case and there are considerable 
numbers of striae which end abruptly on the fine passing through a sequence of 
corners, i.e. on a ‘radius’. A typical example is shown in figure 5t ( x 350).
It is quite clear from well-resolved high-resolution pictures that the fines forming 
the patterns are very sharply defined and certainly do not consist of chains of 
etch-pits. On the contrary, the etch-pits can be clearly seen between the fines, as 
shown by figure 6i. Light-profile examination reveals a surprising feature, for 
as shown in figure 5j ( x 500) the fines are reafiy elevated ridges.
Figure 2 shows to a modified scale the form of this profile. There are discrete 
steps down from the centre of the hexagon (at the left). The step changes at each 
striation fine, which is itself an elevated ridge.
The step-down character of the parallel sheets is shown by interferograms at 
lowest magnification. Thus figures 5fc and I show at x 15 multiple-beam Fizeau 
fringes, taken with two different dispersions. These reveal that there is an approxi­
mately flat central plateau, surrounded by slowly-descending sheets. These show 
small-scale height oscillations, many less than a tenth of a fight wave, the largest 
somewhat less than a whole fight wave.
Comparison between micrographs and interferograms show that the striae 
fines are much more widespread near the centre of the system and it can be 
demonstrated by matching that the individual oscillation peaks coincide with
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well-marked striae. As the outer regions are approached in these low-power 
pictures there is failure in lateral resolution and a ragged fringe results. The 
general trend of the fringes confirms exactly the conclusion drawn from the light- 
profile picture, namely there is a steady stepping down from the centre.
A noticeable feature is a discontinuity, a step-drop of almost exactly one light 
wave symmetrically all round the crystal.
F ig u r e  2
Figure 5m {x  50) shows a fringe region under somewhat increased power.
It must certainly be concluded that the striking hexagon pattern is decisive 
evidence for the existence of a laminated fine structure within the body of this 
crystal, the laminae being parallel to (111) faces, exactly as was found on the 
former (111) cleavage for a totally different crystal.
We include figure 5n (x  500) as a single rare example we have found in which 
a ridge line stops abruptly at a point other than the corner of a hexagon. This is 
also a profile picture.
T h e  c u b e  f a c e  (100 )
A diamond with a natural cube face was not available (they are very rarely 
found with good optical quality), but we have at our disposal a diamond formerly 
used by us for directional hardness experiments and on which a close approxima­
tion to a cube face had been obtained by pohshing to the shaded area shown in 
figure 3. Despite prolonged pohshing (at some cost) this surface could only be 
secured approximately fiat and revealed oriented but very shallow pohshing 
scratch marks. It is shown in figure 6 a ( x 15), plate 6 , and an interferogram with 
high dispersion shown in figure 6 6 . In these pictures can be seen four abrasion 
cuts, small boat-shaped depressions which had been ground on to the face in 
earher experiments to secure hardness data. They have no bearing on the etching 
observations and are to be disregarded here. The fringes clearly show up the
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polishing structure, which consists of scratch-lines only a small fraction of a hght 
wave deep however.
Etching at 550° C for 2 h produced an unexpected pattern. Earlier observers, 
working at much higher temperatures (900° C) had reported the appearance of 
square shaped pits and we expected to see such pits appear. They do so, but are 
associated with unexpected features of even greater interest.
The initial attack first showed itself by the appearance of a faintly outhned 
rectangular area (figure 6 c ( x 15)), and as etching proceeded this deepened and 
ultimately at 700° C became as in figure 6 d. The region within the rectangle has 
been violently attacked, while, in the earlier stages especially, the surrounding 
outer region was but slightly affected.
F ig u r e  3
The differential character of this is shown in the higher magnification pictures 
( X  350) figure 6e and/. Here, within the large rectangle shown in figure 6d there 
are successive discontinuous grades of attack. Nearer the centre the attack is 
fierce ; then come regions where the polish marks can still be seen through, for the 
etching is weaker. The outer region has a ‘pathway’ almost quite free from any 
etching, followed by a narrow etched region, followed by a free region then again 
a faintly etched region.
Such combinations of strictly rectilinear areas, each with its own distinctive 
degree of attack, are noticeable all round the perimeter of the main rectangular 
pattern.
We show in figure 6g (x  900) a striking picture which reveals the whole character 
of the etch. Below, which is towards the centre of the diamond face, are a multi­
tude of rectangular pits, ending on what is almost a straight fine. Then comes 
a region which clearly is resistant to etching, but on it are scattered a few larger 
perfect square pits. The distribution is possibly not random for the pits do appear 
to be on a few closely-defined straight lines. Above these larger pits is a straight 
line of single smaller pits, and after a further clear area, faint pits appear. What is 
striking is the relative uniformity of size of the pits, in the various groupings.
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Even within the dense packed lower region the way pits concentrate on straight 
lines is clearly indicated.
A low magnification interferogram for the advanced stage at 700° C is of interest 
(figure 6/i ( X 15)). This shows how the central region has been attacked in a very 
uniform manner for the inner rectangle is relatively fiat, but the mottled nature 
of the fringes characteristic of drusy surfaces is noticeable. The fringes show that 
the borders surrounding the rectangle are discretely stepped, but this time they 
step up towards the outer resistant pathway.
The beautiful small square pits of figure 6g, characteristic of 550° C, still form 
at 700° C but, in addition, large irregularly curved square-shaped depressions form 
and these have concave interiors. Figure ( x 350) shows a multiple-profile 
pattern over such a group in an advanced stage at 700° C. (A multiple profile is 
secured by using a line graticule to throw simultaneously on the surface a series 
of distinct shadow lines.)] The depths of the pits increase with their size and for the 
three shown, which have sides of approximately 24, 38 and 41^, the respective 
depths are 0-7, 2*8 and 3*6/^  over the sections crossed by the profiles.
Figure 6/ is an interference picture ( x 75) in the neighbourhood of one of the 
abrasion marks. Within the abrasion, the fringes have lost their smooth character, 
showing clear evidence of the existence of small pits but there are also on the 
photograph four large pits, three of which are those on figure 5i. Both light- 
profile and interferograms reveal {a) the almost spherical concavity within each 
pit and (6) that the largest pit is double, ‘ twinning ’ about a diagonal fine, at which 
there is a discontinuity of some half a hght wave. The higher contrast of the inter­
ferogram reveals that the sides of the right-hand pit in 6j stop to conform with 
a characteristic straight edged border.
A similar arresting at a border line is shown in figure 6& (x 350) (also 700° C).
Although the decisively-outlined bordering lines are all oriented parallel to the 
sides of the crystal edges to form a true rectangle, there are a few instances of less 
deeply marked diagonal fines crossing these at 45° but these may well be due to 
polish. An example occurs in figure 6j.
Finally our end stage at 700° C, figure 6/ ( x 350) shows that even the outer 
border area is now undergoing attack but the pattern (at the top of the plate) 
consists of a large number of broad shallow pits.
There seems no doubt at all that the etching has again revealed some form of 
lamination in the crystal, although on a coarser and less intensive scale than that 
recorded for the two former diamonds.
Another polished cube face of a type I stone now under examination also reveals 
the characteristic rectangular pattern. As, however, there has been a mis- 
orientation during polishing, each rectangle is slightly distorted into a trapezium.
G e n e b a l  c o n c l u s io n s
On the three faces, (111) cleavage, (110) polished and (100) polished, etching in 
each case leads in the first instance to the production of a large number of randomly 
oriented pits. The pits observed have shapes in accordance with crystallographic
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expectation and are respectively triangular, boat-shaped and square in outline 
for the three distinct faces. In each case, as etching proceeds the inner surfaces 
of the etch-pits become curved.
The most striking new feature is the appearance of the straight-hne patterns, 
each in strict conformity with crystallographic directions. These lines are in all 
cases linear regions which are more resistant to etching than the neighbouring areas 
and thus emerge as strictly rectilinear ridges. They afford clear evidence that in 
each crystal growth has proceeded by a layer formation, the layers being parallel 
to (111). Whereas in the cleavage and in the stone with the octahedron face these 
parallel lamellae virtually dominate the whole crystal, in that with the cube face 
either they appear to have become firmly established only at a late stage, or they 
are so closely packed within the inner regions as to be optically unresolvable as 
individuals, a conjecture which is by no means unreasonable.
We have in these etch-patterns a sectional history of the growth of the diamond 
as a whole, revealed for the first time. Nothing is known of course about the time 
required for a diamond to grow, but the evidence here indicates growth to take 
place in successive irregular stages.
The observations can be readily accounted for by simply postulating that the 
end of each growth lamella (or the beginning of each new lamella) leads to a con­
dition such that the edge of the junction is relatively more resistant to slight 
etching than is the rest. Thus, provided the etching is not violent (and it was too 
violent in experiments by earlier workers) the boundaries will be left standing 
as ridges.
In connexion with this proposed mechanism we emphasize that the most 
diligent searching by six observers in this laboratory over some years on some 
hundreds of natural diamond octahedron faces has failed to reveal any traces of 
growth spiral phenomena. All the evidence of surface studies on natural octahedron 
faces points to growth by a plane sheet mechanism. The observations reported 
here on etching confirm the correctness of this view.
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